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PREFACE 


Tun fallowing Treatises arc devoted to the consideration of the structure of Plants and 
Animals ; and it has been the aim of the authors to write with scientific accuracy, and 
with sufficient detail, without introducing discussion upon contested subjects. They 
trust that the work will be found intelligible to the unlearned, and instructive to those 
also who have obtained an elementary knowledge of the subjects. 

Occasional observations will be met with, by which the reader is reminded that 
Flants and Animals are not only parts of the same great Creation ; but that so closely 
are some plants associated with the so-called higher kingdom, that no definite line of 
demarcation can be drawn between them. It is *for this reason that the reader is 
advised to study Botany in connexion with Zoology ; and it is probable that a closer 
acquaintance with the structure and functions of certain parts of plants will ultimately 
enable us to trace more correct as well as more striking resemblances between the 
members of the two kingdoms than have *s yet been conceived. For example, no 
nerves, or analogues of nerves, have as yet^een found in plants ; anc^yet it is quite 
clear that not only is a low degree of vital sensibility as universal in plants as in 
animals ; but that in certain instances, as in the sensitive plant, it is developed to a 
far greater extent than is perceptible in animals taken from the lowest p&nt in the 
scale of animal life. 

This mode of investigation will give greater breadth and interest to the study of 
Natural History than the moro simple and yet more difficult one of studying the 
parts of plants or of animals as detached points bound together Jay no uni^srsaljaw ; 
and it is one, moreover, which tends to* train the mi%d to habits of reflection as well 
as of observation. The autitiors have endeavoured to aid the $in& in tijjp search by 
introducing a very large number of microscopic and other illustrative engravings, which 
have tho merit of showing the extreme beauty and ^elegancS of design existing in 
the composition of plants, and offer many new points for analogical comparison 
with the exquisitely minute structures of animfis. A microscope is now as necessary 
to tiie naturalist us a telescope to Vue astronomer. 


VI 


TO K JACK. 
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In the remarks of Classification, the author of the Treatise on Botany has been 
drawn, by force of circumstances, to give much prominence to the Linnaean system ; 
and thjp is the less to be regretted, since the analysis of the system, and the directions 
which follo^it, may suftfte to enable the reader to enter upon the study with facility, 
and to learn almost- without trouble the positions of nearly all the most important 
plants of native origin* lie will ^!so find nof; only that there is a similarity between 
plants and animals from the presence of vital functions — viz., those of reproduction, 
respiration,* circulation, digestion, growth, and decay — but that the very structures 
'"which give them bulk an*d form have in many instances close? analogical resemblances. 
Thus the simplo cell, which is the universal basis of animal structures, is, in like 
manner, and in equal degree, the universal basis of vegetable tissues. The thick - 
walled cells are very like to bone cells, the milk-bearing vessels to capillary blood- 
vessels, and their milky juice to the chyle or digested food of animals. Many other 
parts are analogous to those of animals in appearance ; whilst others, again, arc like 
them in function. 

In accordance with the train of reasoning which this close connexion between 
Plants and Animals suggests, the ordinary me thod of arranging the animal kingdom has 
been reversed ; the arrangement adopted having the obvious advantage of bringing 
together those plants and animals which so closely resemble each other as to render it 
sometimes doubtful to which of tht: kingdoms of Nature they belong. 

With these few remarks we conclude the Natural History of Plants and Invkr- 
tkbrated Animals. The remaining portion of Organic Nature, which embraces the 
higher forms of animal organization, commencing with the Fishes and terminating 
with Man, will be concluded in another yolume. 


IjONDQX, January, 1855* 
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The objects which we now proceed to contemplate have exceeding interest, not only 
in themselves, but in their relation to the other parts of this fair creation, and more 
especially to man. They were the first vital existences which appeared when the fiery 
mass which constituted the earth had become covered with a gtony crust of a cooler 
temperature, and they are the last to lingo* when the rigours of a Polar clime chase 
away all vitality. They are still the sole inhabitants of isolated spots* on the burning 
plains of central Africa, and are the harbingers of animal life on the remotely issued 
lava, and the more recently emerged coral island of the southern seas. • 

They are found universally within limits bounded, on the one hand, by the per- 
petual snows of the Arctic regions, or the summits of our own Snowdon ; and, on the 
other, l»y the parched sands of tropical deserts ; and cover, as with a carpet, the magni- 
ficent prairies of India and America, the wild haunfr of the buffalo, or jealously hide the 
long-lost cities of Assyria, which once teemed with wealth and myriads of human 
beings as busy as ourselves. Not only do. they exist* upon the surface ^f tly> soil, 
but their remains constitute a large part of the soil itself; so that seeds, which subse- 
quently germinated, have been thrown up fYoni considerable ieptjis, after having lain 
buried more than two thousand years. The solid crust of the earth is # also, in pai*t, 
of vegetable origin, as in the instance of the widely-spread coiil-bcds, with their remains 
of primeval forests. Moreover, the very air which covers the earth is not free from 
these objects ; and the waters of the rivers and the seas abound in vegetable life. 

They offer the most wonderful diversities of features and proportions. There are 
the varied flowers which, as the daisy and buttercup, form the nosegay of infancy and 
the garland of youth; as the sweet violet whjph, on its mossy bank? sheds perfumes 
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on the lqjes of gentle mai (lefts ; as the blooming rose which adorns the bridal, and as 
tlm gloomy cypross which guards the tomb. There are the microscopic mould, which 
lends age to our mouldering ruins; and the gigantic forest-trees which, in the penal 
settlement of Norfolk Island, soar to the height of more than two hundred feet; or 
celebrated chestnut-tree of Mount Etna, which sheltered one hundred horsemen. 

They exist of every gge, from th# cell of the mushroom, which perishes in an hour, 
to the hoary *Baobad of Senegal, which is computed to have lived since long before the 
days of Abraham. TBey quietly submit to tbe revolutions of centuries, with the changes 
of clime; and, as in thf case of dkr own England, when the heat ceases to give life to 
cocoa-nut bearing palm-trees, and tree ferns, they gradually and silently appear as the 
modest prfairosc or the s^irdy oak. They had traced long eras of the world’s history 
when no human being marked their f5rm ; and they will, doubtless, hear testimony to 
the progress of events until time shall be no longer. The antiquity of the blade of 
grass is far higher than that of the noblest families. 

They have done essential service to their more highly endowed cousins of the 
aninul ldzigdoia, by having, directly or indirectly, fed all end clad many. They have 
formed the shelter of man and animals, and the chief part of the utensils and instru- 
ments of the former since his creation ; and, even in our day, are presenting new 
treasures of infinite value for his use, as in the India-rubber and gutta-pereha, so 
recently derived from their juices. 

Thus the objects of our investigation should lose no dignity when wc remember 
their remote antiquity, their universality, variety, beauty, and utility. 

The consideration of these objects constitutes the science of Botany — a science 
whicb may be more exactly said to treat of plants , their internal and external part. s, 
general and medical properties, geographical distribution , and classification. We purpose, 
in tbis essay, to limit our attention to the first and last portions of the subject — viz., the 
anatom}' and classification of plants. 

Bistory of the Science.— The various considerations which we have already 
adduced, may enable* us to conjecture that this science, in its rudimentary condition, 
must have existed from remote antiqujly. If any further evidence short of direct 
proof were waiting, it might be gathered from the pages of sacred history, in which wc 
find a constant reference to this division of created existences. The first authentic 
record? on this subject arc connected with the Grecian and Roman eras, and extend as 
far back as about the sixth century before Christ. The cultivators of the science did 
not then receive the w T idc appellation of Botanists, but tbe more humble and restricted 
one of Rhizotonm , or root-cutters^ since they chiefly directed their attention to the 
medicinal properties of plants. 

Aristotle, of Stagira, who^ lived in the fourth century before Christ, is regarded 
as the founder of the science of botany ; and from his days, through the Grecian, 
Homan, and Arabian eras, do^n to the eleventh century, considerable additions 
were made ^to their knowledge of^his subject. Amongst those who cultivated this 
science most successfully, we may instance Mithridatcs, and several Grecian kings, 
with the younger Juba$ king cj 1 Mauritania. These potentates established botanical 
gardens — partly, no doubt, from tbe love which they bore to the science, but in the 
instance of some of them, at least, ^orc with a view to the cultivation of the 
deadly plants from which the poisonous juices wci*) derived which killed Socrates, 
and which, at that period, was not m uncommon mode of execution. Tyrtamus, 
of Lesbos, wfio accompanied Alexander the Great in his victorious progress 
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through some of the regions of Asia and Africa which now acknowledge the 

British sway; Nicandcr of Colophon, Cato, Yarro, « Columella, Virgil, Pedacius, 
Jlioscoiides of Silicia, who followed the Homan armies in their expeditions during the 
fourth century ; and, lastly, the elder Pliny. Up to this period, therefore, we owe our 
knowledge of botany to the Greeks and Homans ; and then, as now, war, notwith- 
standing its desolation, was made to promote the interests of science. ■ 

The Arabians, in the eleventh century, were the next cultivators of flotanf , as they 
wore the most learned people then existing. After them the darkness of the middle 
ages pet in, during which no science waS cultivate, except by%. monk, here and there, 
secluded in his gloomy cloister ; and it was not until the rise of the illustrious Marco 
Polo, of Venice, that the darkness became dispelled. lie Examined the treasures of 
middle and southern Asia, and the eastern coasts of Africa, hnd described plants from 
India and the Indian Ocean. From his days to the present the science has progressively 
advanced ; first, in the addition to our knowledge of the names of plants, and, secondly, 
of their structure and physiology. The Italians, and then the Germans, in the sixteenth 
century, rendered good service to the science, as did also, at the same period, the Por- 
tuguese by their conquests in India, and the Spaniards by their discovery of America. 

From this and the succeeding century the science of botany, as it is now under- 
stood, may fairly be dated ; since then, for tlie first time, an attempt was made to 
classify the plants which had been discovered and named, and the microscope enabled 
them to analyze the minute structures. Our own country now claims a distinguished 
share in the honours of discovery. The Society of London for the Promotion of Science, 
which was liberally supported by Charles the Second, gave much attention to the sub- 
ject, and more particularly its secretary, Nelieniiah Grew, who published his observa- 
tions on the “ An atom 3 ' of Plants” in 1 GS 2 . Another of our countrymen, Hobert 
Morison, Professor at Oxford, distinguished himself in the department of classification, by 
the publication of various works, and especially of his “ Historia Plantarum Universalis,” 
with plates, in 1715. lie was quickly followed by a yet more distinguished man, 

J ohn Hay, an English clergyman, who enunciated the time principles of classification, 
and demonstrated the sexual characters of j ft ants. Dr. Hans Sloane, Uio President of 
the Iloyal Society, who died in 1753, and John Parkinson, the Superintendent of the 
Medical Botanical Garden at Chelsea, and several successors of the latter, were Jionour- 
! ably distinguished. 

| We have not space to enumerate even the most distinguished names which have 
adorned this science during the past two centuries. It must suffice to state that the 
great Linnaeus, a native of Sweden, is by far the inost eminent, and established the 
sexual system which now bears his name. After him came De Saussurc and Du 
Hamel, Link, Hudolphi, Mirbcl, Kieser, Schleiden, Darvpin, and^Quekett, m reference 
to anatomy and physiology, and Jussieu, Do Candqjle, Hobert Brown, Sowcrby, Sir 
J. fi. Smith, Sir W. Hooker, Sir J. Paxton, and Lindley, in reference to classification. 
No country has a greater claim to boast of the 9d vantages which it has rendered to 
botanical science than our own. It has established tfie best botanical gardens, as the 
Iloyal Gardens of Kew and of Hampton Court, and tfte Medical Botanical Guldens at 
Chelsea ; and it has led the way in the investigation of minute structure. At the 
present moment, it claims a multitude of moSt distinguished men labouring in one or 
other of the departments of the same field. ^ 

Definition of a Plant* — Definitions are at all times difficult, and not the less so 
fliat they appear easy. In this instance, as the throe great kingdoms of nature pass 
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so insensibly the one into the other, it is impossible to show, with rigorous certainty, 
wfiere the one ends and the other begins. It is a curious fact that, as science is 
extended and knowledge is increased, our difficulties arising from ignorance arp 
increased in at least an equal proportion. Years ago the definition of a plant was not 
considered impossible ; but now he would be thought a rash Inan who should attempt 
a satisfactory definition 'of a mineral, a plant, or an animal. This is one of the 
cvidencSs theft knowledge was intended to humble us by showing us our ignorance. 
The saying of Linnaeus, — that minerals grow, plants grow and live, animals grow, live, 
and feel, — is now hclcKco be an insufficient definition. The value of this terse mode of 
expression is concealed in the assumption that the properties thus added in succession 
/ do not belong in any degree to the elapses preceding. Thus all three classes grow, but 
onlj' two live, and only one feels. This is now known to be incorrect. Thus, certain 

plants not only grow and live, but feel, 
as in the instance of the mimosa, or 
sensitive plant, which closes its rows of 
leaves on a slight shock, or the Dionrra 
mmcipnla , Venus’ fly-trap (Fig. 1), the 
leaf of which folds up and incloses an}' 
unhappy fly which may alight upon 
the three hairs (A). The disposi- 
tion of most flowers to seek or sliun 
the sunlight, and of the cars of corn in 
the growing corn-field to droop when 
the sun has set, might be adduced as 
instances in proof of the sensibility, 
apart from the mere vitality, of plants. 
But in addition to this, it is well known 
that the spores, or undeveloped young 
plants of Conferva? and of sea- weeds (Fig. 
2) move about by the action of their own 
cilia or hairs, until they have found a rest- 
ing-place to which to attach themselves. 
Tims we may add a degree of locomo- 
tion to the qualities of plants, and say 
that, in some instances, they grow, 
On the otli^ hand, the sponges (Fig. 3), in tlicir developed state, 
are denied the faculty of 
locomotion, although they 
undoubtedly belong to the 
animal kingdom. 

Tli&e charactershaving 
&ilcd to mark the distinc- 
tion between plants and 
animals, it has been stated 
that an ihtemal stomach, 
and the chemical prin- 
ciple called nitrogen or 

only ; ’ but this is incorrect, — since" the sponge hSs 



Fig. I.^-Dionaea mvscipula, or Vknus’ fly-trap. 

A, the three sensitive hairs on the expanded leaf. 

* 15, a fly entrapped by the folding of the lobes of the 
leaf. 


live, feel, and move. 




Fig. 2. 

Ciliated spores of the Conferva 
■which at this stage of develop- 
ment have a degree of locomo- 
tion by meuns of the hairs or 
cilia attached to them. 

azote, are found in animals 



Fig. 3.— Sponge. 

. The sponge as it is found growing 
and attached to a rock. 
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no internal stomach, and nitrogen is present in the seeds of almost all plants. Mjre 
recently, it has been averred that the presence of a secretion, or product known as starch 
(Tig. 4), would clearly establish the existence of vegetables ; hut recent microscopic 
researches have shown that starch is also met with in the lower classes of animals, 




Fig. 5. — Varieties of Dksmiijikjs, or Ska-Wbkds. 

A, clusters of Protococcus viridis . 

]>, filament of Schizoyonium mu rale. 

C, a similar filament, subdividing laterally at D. 

and in the brain and spinal cord of the higher animals, and even of man himself. Lastly, 
certain of the Alga, or sca-weeds, as the JJesmidica and Uiatomacea (Fig. o), are still 
claimed equally by the botanist and the zoologist. 

Thus simple as at first sight it might seem to state what a plant is as distinguished 
from an animal, we find it impossible to distinguish the lowest plant from the lowest 
animal ; and have therefore no alternative than to say that we cannot give an unim- 
peachable definition of a plant. • 

Definition of the Subject.— We shall assume that our readers can recognise a 
plant, although we cannot define it, and proceed to a description of those various parts 
of which a plant is composed, and of the arrangement of plants into classes. These 
two branches of the subject — viz., structure and classification — have a necessary 
dependence upon each other ; for the idea of^classification implieS that certain members 
have some properties or parts in common — Ach, for instance, as the lo||£ or flower \ or 
in other words, that their structure corresponds. Therefore a knowledge of structure 
is essential to classification ; and before we describe the latter, we must indicate the 
internal and external parts of w hich plants are composed. 


ANATOMY OR STRUCTURE OF PLANTS. 

Elementary Tissues. — In proceeding to a. consideration of the anatomy of 
plants, it will he evident that, as plants in general Save external organs, as leaves and 
flowers, so must they have more minute parts of which these organs are composed. 
These will correspond with the flesh and bones of the various ^arts of oifi body, and 
ar% termed “elementary tissues. ,, We shall take tlem first in order, since they are 
formed before the organs can he developed. Tt^y w ill also ^jfcmish us jvith drawings 
of some of the most exquisitely -minute beauties of nature. 

Formative Fluid. — But as the formation of^a leaf, for example, implies the 
previous existence of elementary tissues, so does the presence of an elementary tissue 
imply the production of a material fluid, oqf cf which the elementary structure was 
formed. This latter is called the* 4 formative fluid,” or “ organic mucus,” or “ cambium,” 
or “organizable matter” (all of which terms have the same original signification), and 
«Ls the sole source of production of every tissue* found in plants. It is, in this respect, 
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Fig. fi.— Section of the atom of a 
tree, the white line allowing; 
the colourless cambium, or 
formative fluid, deposited be- 
tween the bark and the w ood 
in the early spring 1 . 
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sinplar to Vne blood of animals ; for that fluid is the source of all the solid parts of the 
body. It is semi-transparent and semi-fluid in the 
internal parts of many plants, and of young plants, and those 
with thick leaves, more particularly. In this condition it 
is also,, found in gr^at abundance between the bark and 
the wooc^of hll trees in the 1 early spring months ; and then 
separates those parts (A, Fig. 6), so as to permit the bundles 
of young wood to pass down from the leaves, and thus 
enable the tree to grow. 0 It is undrv these circumstances 
that the woodman strips the bark from trees which are to be 
cut down, since then it does not adhere to the wood. The 
fluid is termed cambium in this situation. When this 
formative fluid is met with in the external parts of plants, 
it is still semi-transparent ; but it is then solid, as may be 
observed by scraping the surface of a box-leaf. 

Elementary Membrane.— The first step in the formation of any tissue from 
this formative fluid is the production of a solid structureless fabric, called elementary 
membrane, and a modification of that fabric termed elementary fibre. It will be ob- 
served that these elementary parts are structureless, and arc produced, apparently, by 
inspissation or thickening of the formative fluid. The process may be grossly illustrated 
by a reference to the manufacture of paper, in which the rag-pulp (r/j., rags torn into 
threads and soaked in water) corresponds to the formative fluid, and the paper, which 
is subsequently produced, to the elementary membrane. Tim paper thus obtained is 
fitted for the manufacture of books,- and other articles ; and, in like manner, the ele- 
mentary membrane is the solid material out of which vegetable tissues are formed. 

Elementary membrane, then, as in Fig. 7, is 
structureless; but, theoretically, it is assumed to 
consist of a layer of rounded particles, which lie 
side; by side, and leave most minute spaces between 
them. Thi.' must 
be .90, when we 
reflect that all 
fluids, including 
the formative 
fluid, arc made 
ifj» of rounded 

drops, with spaces between them ; and that when a 
fluid is inspissated the d$opsare brought closer toge- 
ther. Thus, whilst evident openings sere not naturally 
met with in mcmbrqpc, except as shown by Pro- 
fessor Quekett, *n the leaves of a moss called sphag- 
num (Fig. S), it must be highly though invisibly po- 
rous, and permit certain fluids to lAter through it. 

It is at first thin and translucent, as may be 
seen in the membrane covering the seecf of the 
gourd (Fig. 7 ) ; but in many cases it subsequently 
becomes thicker and more opaque. In the struc- 
tures of the ferns (filices) it assumes a decidedly brown colour; and in the clatcrs of* 




Fig 1 


-Cclis of EnuKiturs, from rfu- 
seed of the (Jourd. 
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FiKr. 8.— Leaf of the Spilaoxum, showing 
at a the natural openings through the 
tissue. 



THE ELEMENTARY TISSUES. 


■ 5 

r 


tlic Jungermcmnia , a kind of moss (Fig. 10), it is of^a beautiful rod colour; these variations, 

' l ' v V an <l especially in thickness, result from the 

7 r ^ altered duties which it is required to perform. 

> Thus, in the structure of bark and fruits, it is ff 

# not merely thickened, but is lined by a deposit if 
of hard sedimentary matt<;r,' of grdht power •B 

of resistance, in order to increase its strength " 1 ' U 

and to resist decomposition.^ This hardened fi K 

V” . tissue is called xeferof/ru, or l^ird tissue (Mg. 9). B K 

In less extreme cases the deposit is in much B A 

Fig. ii. — Thick trailed smaller quantity, and iy>pears only & minute J tt 

• tl J,howhi(r ^thr £ ra * ns scattered over the surface. "Such is fi \S 

am on ut of deposit he- the case in the pith of the elder (Sambucus fi JEr 

the oujJr^-clWui" “ nd "'r/cr-F % 11), A yot more interesting in- g Jjj 

s 4 - mo? of this scattered mode of deposit is ff © 
found in the hairs of tlie fornix (a part of the flower) of the Anchusa ff iR 

if alien (Fig. 12). These* are covered witli a series of tubercles, which * 

are notliing more than isolated masses of a new deposit. In other thelrrw^r- 
instances still, the thickening of the membrane appears to have been mannia crossing 
produced by a deposit of the ordinary transparent organic mucus of rally, 0t and, B1 ia 
which it was originally composer], and still remains transparent, and thiir nutural 

beyond this differs only from ordinary membrane in that this new' colour. 0 * * ^ 
matter is laid on unequally, and certain transparent spaces are found 
where the deposit has not taken place. These sppts are oftentimes found arranged 


Fig. 11. — Thick walled 
. eclls of the Pinna If'eh- 
hinnrr, showing the 
amount of deposit be- 
tween the cavitj' a and 
tlu* outer cell wall. 


mannia crossing 
each other spi- 
rally, and, in 
their nutural 
state, of a red 
colour. 
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Fig. 11. — Pith of the Ki.nEit ( Sftmhucus 
n'ujrr), showing the dotted tissue. 
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Fig. 12. — Tuher- 
cles on the hair 
of the fornix i# 
the Anchusa 
Italica. 


/GriH "■ 


Flg^'isj-^ction 

of the stem *>f 

ii... \ - / jT- 


the Vink (•/- brang. 
t is 11 n if era ) , 
showing the 
\gicant splices 
or dotted tissue 


Fig. 1 4. — Elementary 
ilbro free from mein- 


wilh great regularity', and sometimes in a spiral manner ; so that the tissue becomes 
one of the most beautiful of vegetable microscopic objects. Such tissue is termed 
“ dotted” tissue, and is found in most plants, but more particularly in the common* cane 
(fliattan), andjthe vine ( Vitis vinifera— Fig. 13). aThe use of this tissue is not well known. 

Elementary Fibre (Fig. 14) is not formed froTu membrane, as though the latter 
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vrejre cut ivp or drawn out into threads of almost inconceivable fineness, and therefore a 
production of membrane ; but? both it and the elementary membrane arc alike formed out 

of the formative fluid. Moreover, it is not regarded 
as a substance separate from membrane, but as' a 
deposit upon one side of a pre-existent mem- 
brane. Whenever it is found detached from 
membrane, we must assume that the membrane 
which supported it has been removed, or that 
<* it has detached itself from the membrane. This is 
admirably shown in Fig. 1 o, in which the fibre is 
in-process of being denuded by the destruction of 
the membrane. It is usually, perhaps invariably? 
solid, and commonly has a rounded figure. It is 
also transparent, except in a few cases, as in 
^ those of the Jangermannia before referred to, 
(Fig. 10.) Its use is clearly that of supporting the 
more extended membrane, and of preventing any 
folds of it from approximating too closely to each 
otliei . • 

Cellular Tissue, or Parenchyma.— 
Fig. 15 — Tube from the Kicini-s Com- Having now considered the “raw material ” we 

munis, or castor-oil plant showing the maj proC ocd t o describe the structures which 
iibre at a, and the edge of the broken J 1 , , _ . rr> . 

enclosing membrane at b. Magnified are produced from it. I hose structures arc very 
200 diameters.* Q varied in appearance, and are ultimately applied 

to very varied purposes ; but yet, in accordance with the simplicity which marks all 
the works of God, all this may be reduced ■to one tissue, a structure which, in addition 
to its being the fundamental tissue, is, in its own proper form, the most widely dis- 
tributed of all tissues. This is termed Cellular tissue, to signify that it is made up of 



Mm 




Fig. 16. — Detached Cells. o Fig. 1 7 .—Cells with Fig. 18.— Sarcina, mugnifled 

a , cells of the yeast plant {Torulaccrcvi&ia’) only two uttuch- 800 diameters, found in the 

with their granular content^ _ xnents. stomach in states of disease. 

5, the same dills in process of forming nek It is a vegetable of low or- 

cells, as seen by the bulgings. guniamtion, and resembles 

c, similar cells of the sugar plant ftund in somewhat the ornament for- 

the urine in diabetes. C merly worn on the breast of 

the Jewish high-priest. It 
consists of a muss of cells. 

hollow cases or cells. It is, moreover, that tissue which is the first found in all plants. 

* This and a lar ge portion of the subsequent drawings have been made from original specimens 
Others have been derived from various sources, and more particularly from the excellent lectures of 
Professor Quek*tt, delivered at the Koy^J College of Surgeons. * 
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Fig. 19. — Orangi:. 

a, the cell-wall. 

b, the content* of the 
cell. 


The cells of which it is composed may be cfther detached wholly or paijially (Fig. 
16), or bo more or less conjoined in masses, (Figs. 17 anti 18). Their characters arS of 
course the best seen when they arc detached from each other. 

• The only difficulty, if any, in reference to tissue is in obtaining a coirect idea of 
the simplest of all structures — the cell. This may be likened to an orange (Fig. 19), 
when the rind, a, will correspond to the cell-'vfall, or boundary # of the £ell, dnd the 
juicy part, %, will represent the contents of the cell. Thus an 
orange is a cell on a large scale. Or it may be compared to a 
fowl’s egg, when the shell will represent the ccy.-wall, and 4he 
white, with the yolk, the contents of the cell. The egg, therefore, 
and all similar inclosed bodies, arc magnified cells. But ths? egg 
has other joints of resemblance to the cell. ^Thus, if the white 
of the egg bo drawn from the shell through a small hole, so that 
the latter shall remain empty (a process very familiar to school- 
boys), we may form a just estimate of the cell-wall as separate 
from its contents. A cell in botany, therefore, consists of a cell- 
wall and contents, although it be so small as to he undiscerniblc by the unaided sight. 

We have already stated that cellular tissue is formed from elementary membrane; 
and therefore the cell-wall is nothing more than elementary membrane folded, with 
the edges adherent together, so as to be able to inclose the contents. 

The contents of cells are, however, of another nature, and are not produced from 
elementary membrane. They are of three kinds. 1st, a substance lining the inner 
side of the cell- wall, as illustrated 
by the white of egg, and called the 
primordial utricle of Mohl. It is 
W'ell shown by the shading in Fig. 

20, A. This substance is of ex- 
ceeding importance in the develop- 
ment and grow tli of t]je cell, and in 
the production of its other contents. 

2nd, a roundish, tolerably - large 
body, or nucleus, or oytoblast, re- 
presented in Fig. 21, b , met with 
in various parts of the cell, but 
usually near to some part of the cell- 
wall. This may be likened ^to the 

yolk of the egg, and bears the like degree of importance to the 
other parts of the cell, that the y#lk bears to the egg. 3rd, cer- 
tain lesser bodies varying in # sizc, shape, and number, l^rmcd 
nucleoli, formed within the nucleus. 

It appears that the nucleus is a central point of all actions proceeding within the 
cell, but that the primordial utricle is the efficient agent. All .these parts may be fami- 
liarly and readily observed in the common strawberry (FragaVia), or the mistletoe berry 
( Viscum album), or any other juicy fruit. We assume that our readers have a small 
microscope of any kind ; and better still if M bo such as may be obtained of Mr. Baker, 
244, High Holborn, from £2 t3 £4, with pieces of glass and other apparatus needful 
for microscopic observation. Take then, wifii the point of a needle, a piece from the 
* centre of the strawberry, not larger than a # pin*s # head ; place it in tips glass slide, 



Fig. 20. — Cell after 
Unger. The out- 
lines, C, arc intend- 
ed to represent the 
boundary of the cell, 
or the cell-wall. 

IJ is the central nu- 
cleus or cytoblast. 

A, the lining of the 
cell-wall or the pri- 
mordial utricle of 
Mohl. 



Fig. 21. — Cells from the flower- 
ing stem of the leek (Allium 
Porruni ) , showing n rathe cell- 
wall, and at h the nucleus 
and the nucleoli. The other 
contents of the cell are trans- 
parent. 
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and add a drop of water. Pull it to pieces by tlie help of two needles, and then coyer 
r it,, with thin glass, and place it under the microscope. It 

@ will be found to consist of a mass of large cells (Fig. 22), ( 
with transparent walls, and a slightly coloured fluid, in- 1 * 

j closing the largo rounded nucleus. It is of importance 

# to“ol)tain clear notions of a cell, since it is the foundation 
of all other ti:-*3U # 's, anti since it contains the si arch and 
r y " \ all other secretions of plants. 

• The figure of tile cell is unimportant , and varies very 
fj greatly. It is believed to be generally accidental, as the 

** ^ • phrase is, — the accident being that of pressure : not that by 

F bl-rryT^owin^tiJelr 81 oV^i term “ su ‘ ci ‘b‘ nt ” is meant that tho figure is a matter of 
shape, loose connexion, large chance ; for in certain parts of plants, as in the pith, for 
— ^ translucent example, the figure, whatever it may be, is always the 

same. If pressure, therefore, in such cases be the efficient 
cause, it is exerted in determinate degrees and directions in the various parts of plants. 
When the schoolboy blows bubbles of soap-and -water lie makes rounded cells, because 
the walls arc of equal weight, and tlie pressure of the air of an even degree all round. 
If, howeycr, a drop of water be attached tv) tho bubble it will destroy its rounded 
form, and elongate it in the direction of the earth, rendering the ceil more or less oval. 
But if the same soap-and- water be well shaken in a half -filled bottle, the unequal 
pressure will drive the cells together, and render them distinctly six-sided. 

This little experiment w ill convince tlie reader that the figure of tlie cell doe3, in a 
great degree, depend upon pressure, and that it may he altered as tlie direction or 
degree of pressure is changed. 

So also in plants w hen each cell is detached from every other, as in decomposing 
vegetable infusions; or as in the yeast plant {Tor it fa Cercvisw - Fig. 10), tho form, is 
spherical or ovoid ; when it lies loosely in juicy fruits, as in the strawberry {Frag aria — 
Fig. 22 ), it is large and nearly round ; when »two or more cells are attached end to end, 
as in the mushroom (Fig. 23 ), they are ovtiid or elongated; / H\ \\Uu 

and when they are numerous and inclosed in a common skin rMJ 
or bark, tjiey become more or less six-sided, a.t in the pulp jJ S\\ y\ yljj) Oyi //[) 
of tlie orange ( CUrux) , from mutual and surrounding pressure If VriuKu 14/(1 
(Fig. 24 ). It will then be readily understood that the figures of ly (J Vm ft 

cells may be innumerable ; but experience lias shown that hoxa- AM J W f] 

gonal and octagonal forms are those M'*’ieh most abound. These ' [T\ Kvlj&h >1 x p 

v. . aro ihc forms obsi - rvod ^ inost uui - 'AN K /jn (1/ ' 




v -rsaliy in pith, cuticle, leaves, flow - 
c ovs » aTld 4‘ ldt i but it. should be re- 


Fig. 24.— Hexagonal cells. 


evs, and fruit ; 1-ut it should bo re 

inembered that regularity of outline, to end. 

'■ jnnO/0(f ]fOC 1 although of eftmm on occurrence, is by no means essential. 

iC'^C But, .whilst it must be admitted tbat the figure, in most 
' * ns t ancc 4 results from pressure, in other instances it pro- 

coeds from a more determinate source ; viz., tho direction 
tVVVyt ^ tl10 £ rowdn £ l >roccss - This is readily understood, if wo 
u d ]| gif imagine a spherical cell in wdiich the growing process 
is not equally carried on all over it, so that it may 


continue to grow spherical ; but whilst the process is arrested at one point it proceeds 
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at an opposite one. This will terminate in an elongated cell, such as those observed in 
i\'V tlie mushrooms (Fungi — * 

• |)\\\ Af Fig. 23), and more partis 

• Ysflort cularly in a gigantic kind 

*7" of mushroom termed the 

/ Boletus (Fig. 35), in which 
\ the length of the cell cx- 

ccot ^ s breadth by many 
“ diamdters. In ^ffis mode 

it is conceivable that a 
tube might be formed* 




tube mighty be formed* 
from a single cell, or irom 


^ lifs a scries of cells, if placed Fif?. 26. — Diagram showing 

end to end, and the parti- a series of cells which, by 
I%.25.— Elongated cc-Us of a mushroom ._ i rt 7 the breaking up of their 

( liolt'TUit) resembling tubes. tu>n» bioktn down, al- partition walls, are form* 

though no satisfactory in £ a tube - 

illustration of this mode of conversion of cells into tubes has yet been discovered 
(Fig. 20). 

The terms, oblong, lobed, square (Fig. 27), muriform (Fig 28), prismatical, cylin- 
drical, eompres ;ed, sinuous ( Fig. 30) , and stellated, have, 

3^5^— amongst others, been devised to indical c other forms of \ Y> 

V i rrT cells than those above indicated. ^ I , I , 1 ~ 

1 r r n r fhe cell varies as greatly in size as its figure j >1 < l.LlL 

| | | so that, on the one hand, they may* be seen by the Fig. 28. — Muri- 

Fi ff. 27. naked eye, as in the pulp of orange, lemon, or shad- Sua resemttfaig 

Cubical or dock ; on the other they are so minute that it is ncces- the brick* in a 

square cells. ^ ai y examine them with a high magnifying power. 

Tlic limits of variation are and -jrhnj parts of an inch in diameter. 

Some form of cellular tissue constitutes «the whole of most df the lower classes of 
plants, as the Fungi ; and in all other plants it is found in the roots, or Bubteiranean stems 
(as Hie potato, radish, and tur- . u . 

sN /J\ nip) I hi bark, pith, leaves, flowers, ^ 3 z=^[fr 

1 seeds, and fruit. The cuticle of Y 

h'avcs, in general, is furnished A 

with cells, having a sinuous or 
VwNy wavy outline, thence teiiucd the 

rinuous variety (Fig. 29). ff 

//J| \V/f ^ ^V/ y\jj The most interesting variety of 

cy cell is that termed stellate, *>r star- I w/^JJV/JP'TT'vk 
l-i^ 29 A -v^/ like » fi»«n the radiating form which « ufl 


Fig. 27. 
Cubical or 
square cells. 


Fig. 28. — Muri- 
forin cell*, or 
cell* reseabUag 
the brick* In a 
wall* 


Sgr 

fWr 




irregular 


st el Into cells from the foot- it assumes. This is welPsecn in the 30 —St-fr-shmed eeil« 
stnlL'nf., i««f sH.vr-snapea ecus 


bulrrc^siaiaantZrrn' rual1 ( Fi K- 30 )> in the svo.t-burr of regular character, from 
Duruceaf iSpargamtnn xa- \ * /> • the stem of a rush, having 1 

tnnsum), showing the la- reed (Spargamum ramosun$—Fig. laatntv at a, bounded by 

ciivfTj or inter-8p*ces at a, 0C vv • vellnw wnfpr-lilv ( Ni/ cell-walls, and the union 

bounded by the cell walls. - J h m tn ° Y 011 ™ * ater-lily D f the cells indicated by the 

pkar luted ), and m many other transverse line at the mid- 

water-plants of loose tissue. W e*have also mej with a beau- dle of eaeh arm or ra Y* 
tiful illustration of it in the partitions of the c<jlls constituting the thick central parts 
of the long leaves of the Banana tree (Musa paradimica) . The construction of this 


of regular character, from 
the stem of a rush, having 
lacunm at a, bounded by 
cell-walls, and the union 
of the cells indicated by the 
transverse line at the mid- 
dle of each arm or ray. 
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Fig. 31. — The fibrous structure of the 
fowl’s egg-shell, almost exactly simu - 
luting the cells of the Boletus (Fig. 25). 


froxp. of tiserae is simple, and results from a puckering inwards of the cell- wall towards 

the centre. If an orange be cut through, and the 
contents partly removed, and the rind be thci^ 
pressed by two or three fingers and a thumb until 
the f projected portions approdch the centre, we may 
form a correct idea of this form of tissue. Some- 
thing more, however, is necessary. 

Xntez-cellulax Spaces.— When a number of 
cells are pressed closely together, so closely even as 
to cause them to assume the form of a many (say 
twelve) sided figure, there will yet be spaces of 
triangular shape at each comer, at which the walls* 
do not absolutely touch. Thoso are termed inter, 
cellular spaces, and are the larger by so much as the 
cells are not closely applied to each other. When 
these inter-cellular spaces arc placed one over the 
other for some distance, they constitute intcr-cellulav passages, 
and arc very abundant in all aquatic plants. The relation which 
the inter-cellular spaces hear to the stellate cells is this, that 
when the cell-wall is pressed inwards, in various direc- 
tions, towards the centre 
of the cell, the cell seems 
to be reduced to a series 
of arms (Fig. 30), whilst 
the spaces between the 
cells now appear to he a 
series of cells themselves 
(Fig 32). These enlarged 
inter- cellular spaces are 
tcrmeli lacuna. 

The uses of the inter- 
cellular spaces and pas- 
sages are of great importance, since, in aqua- 
tic plants (in which they chiefly abound), they 
contain the air which imparts buoyancy, and re- 
stains it •on the surface. This fact may, in some 
degree, account for the great size of these spaces in many aquatic plants (Fig. 33). 
In other plants, their i^c is chiefly that of a depository of secretions. 



nc 
zrer 



— Vaiixkgatku 
Co knuhMascula, show- 
ing the formation of in- 
ter-cellular spaces in 
disease. 


Fig. 33. — Air-chambers of nn aquatic 
plant — the Limnociiauis Pjxmjkhi, ex- 
hibiting extreme regularity of form 


j Before concluding our account of cells we must briefly refer to some modification j. 

I The Dottjto Cell differs from the Ordinary cell only in having been constructed from 
I dotted membrane in place of pl&iq. This form is very abundant, and especially in the 
j stem of the vine (Fig. 13) and otter fast-growing plants, in the bark of most wooded 
| trees, and in the roots of many plants, as of the common horse -rjffiish. They are 
j usually of large size. <- 

Thick-walled Cells, ox Sclezogen, are the result of the deposit of the 
peculiarly hard tissue termed sclerogen, on the inner side of the cell-wall. This 
substance is usually found deposited in concentric layers (Fig. 34), so that at lengtfl 
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Fig. 34.— Beautiful thick wall-cells 
from the seed of the Illiciinn ani- 
satuni, or star-anise, showing the 
concentric layers, central cavity, 
and radii. 


JT -M 

Fig. 35. 

A, a mass of thick wall- cells from 
the Pf.au, known as the gritty 
tissue. 

B, a cell more highly magnified. 


tho cavity of the cell is nearly filled. There ft, however, always a central vacuity, 
and this is in direct connexion with the cell-wall 
by a scries of canals, which pass through tho various 
jSfrcrs of hard tissue. This is absolutely necessary, 
since all actions proceeding in the cell must require 
the direct communication of the cell- wall. * 

The thiek-walled cells constitute the gritty tissue 

of tho pear (Fig. 35) 

— a tissue found jif 
the form of small 
hard grains near to 
the centre of the 
fruit. It is also 
abundant in the 
so-called bulbs of 
[many orchids, as the 
Marchantia poly - 
morpha ; on the 
covering of tho seeds 
of many plants, as 
of the star -anise 
( Tllicium cmisatwn 
— Fig. 34), and the 
apple (tnalus — Fig. 

36) ; in the strong 
part of many nuts, 
as of the ivory nut 
(Figs. 3 7, 38), now so 
uscfulty applying 
the place «£ ivory ; 
in the common haw- 
thorn ( Crafcryus ), 
plum , and our garden 
fruits, and in the 
cocoa-nut shell( Fig. 

39). It is also mjt 
with in the bark of 
almost all trees, ns 
on the beech (Fig^ 

39). This structure 
is well seen by^cut- 
ting a thin, section, m 
and placing it in 
drop of water in tho 

ordinary vmj ; or, 

Fig. 38. —Transverse section of thiclfe v 
wall-cells of the Ivory Nut. (PAy- bottor P lac " 

telephas macrocar pa), ing it in uanada 

*balsam. If the section is too thick it must 1>o gipund down on a whetstone, in the 




l ig. :'G. — Sclerogen immediately in- 
closing tho seed of the apple. 




• Fig. 37. 

b t perpendicular section of the bark 
of the Ivory Not ( rhytclephus 
macrorarpa). • 

< r, longitudinal section. 

Both show the lines of communica- 
tion between the centre and the 
circumference. 


Fig. 39.— Thick wall-cells from the 
Cocoa Nut shell, with their central 
cavities and communicating tubes. 
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manner in which sections or hone or& prepared for examination. It is impossible to 
examine these interesting structures, and to observe 
how admirably they are adapted to give strength and 
power of resistance to pails which pre-eminently 
require it, without being reminded of the great 
similarity between -them and bone ecWs in the bones 
of animals. /There are, however, several points of 
dissimilarity ; and, amongst others, that the cell- 
wall, which is retained in thick-called cells, *is lost 
in bone cells. 

TOrro't'C ellular Tissue. — This form of cell 
is marked by having one or more fibres wound in 
a spiral direction on its inner side (Figs. 41 & 43). 

The fibre may be loose in the cell, as in the Opuntia lu^taik rfT?; 

vulgaris (Fig. 42), where it is flat, or in the elongated Bescu Tree {Fu<jus). 
e ;ll of the hairs on the seed of the Collomia grandiflaru , or of the common sago, whore 
, it is round. 

ft We have already rc- 

wliiJJ If l! II Hi! II f i *■') ferred to elementary fibre 

IJylJIJjM (p.7); and have only further 

to remark that it obtains 
Fig. 41. — Fibre .call from the leaf its spiral direction by the 



iMffc 


Fig. 41. — Fibre .coll from the leaf its spiral direction by the 
stogie ^£“ ROTHALIJS » having a growing process being car- 

ried on at the free end, 

. whilst the other part of the fibre is attached to the nieni- 
« brant;. In this mode the 

/ \ resistance is unequal, and 

I r ; i a circular or spiral diree- 

tiou is given to the new 
( l structure This form of* 

\ * \ cell is very abundant, and 

j is probably more or less 

i ( filled with air, since the 

) ^ J inclosed fibre is well fitted 

( j to prevent the collapse of 




Fig. 42.— Fibre cell from the 

Opuntia Vulgaris, show- , it _ . • • w**m ifwmnum/, uuvinp si>vp- 

iug a flattened fibre, lying 1 not isolated, but m ral fibres wound in opposite 

CetacUcnl from thfe cell- clusters, and oftentimes directions, 
wall. r . ... 

arranged m masses with i 

much symmetry, as' may be seen in Che drawing (Fig. 44) of the fibixj-oeHulartissuc 
lying in situ in the leaf of the Pleprothattis . 

There is no structure! in animals coircsponding w ith the Ebro-cellular tissue in 
vegetables ; but cellular tissue in the simple form is exceedinglyabunflbnt, and, in the 
form of fat cells (Fig. 45), bears great resemblance to cells of vegetable origin. It is 
also an interesting fact that the cartilage of the ear of ‘Che rat and mouse (Fig. 4(5), and 
more particularly of the rudimentary spinal column of the lamprey, is so modified 
as almost exactly to simulate a vegetable cell. 


thc^two sides of tbe cell. 
It is usual to find the? 


Fig. 43r. — Fibre call from the 
leaf of an Oacujs ( Sacco fa - 
bium ffutiatum), having seve- 
ral fibres wound in opposite 
directions. 
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in situ , A, in the leaf of an Okchis, 
the PfrurothaUis ruscifotia . 


This resemblance between animal and vegetable structures is equally yell seen in 

the tissue of # • 

.-, the egg -shell 

power and wis- \ / 

Fiff. 44. Celia of flbro-eellular tissue d 0 m of the Ifo- * V^/ 7 

in S'ttUf A, in the leaf of an Okchis, . ^ ^ 

the PfrurothaUis ruscifotia . ity that all the .. . . 

/ . Fig. 15.-— hat cells in animals. 

\u # tissues, both in 

animals and plants, are produced from cm 1 simple 
structure — the fundamental cell. 

The uses of the cellular tissue are : — 

1 st. To contain various important secretions, as 
that of starch, and the organs of reproduction in all 

2nd. To carry on the circulation more or less in 
all plants, but more particularly in those which cen- 
yjjr. ig.- Curtilage! from the $i&t only of this tissue. This is well exemplified in 

car of the rat, closely re- the leaf of the Vailisncria (Fig. 47), in which the 

tissue in vegetables. circulation mav be seen proceeding under tl^p 


— i* ut cells in animals. 


Fig. 1C.- Cartilage from the 
cur of the rat, closely re- 
sembling loose cellular 
tissue in vegetables. 


microscope. 


1 
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3rd. By the tenacity of its structure, and the looseness of its parts, to bind the 
edinponent parts of the planUtogether, and to increase its elasticity. 

4th. It has for thousands of years been of great use to man for various eco- 
nomic purposes : — 

First, in the form of papyrus, or the paper derived from the stem of a rush of that 
name, 1 ' and employed as such by the hneient Egyptians, Grecians, and Homans, until 
long after tile birth of Christ. In a similar way it is still used by the Chinese, 
and by them is derived from the pith of a plant {JEschynomcnc — Fig. 48), which 

c .they cut 6 into very thin slices. This material 
lends a charm to Chinese drawings, since its cellu- 
lar character enables it to absorb the colour- 
ing materials in great abundance. 

Secondly, as a textile fabric. The mummy-cloths 
of the Peruvians, who existed long before the era 
of Montezuma and the Spanish invasion, arc com- 
posed of this tissue only. At the present time wc ob- 
tain cotton (Fig. 62 B) ehiefty from America, where 
it is derived from the seeds of the cotton plant [Gos- 
sypium). It is far less resisting and durable than 
woody fibre or linen ; but its comparative abun- 
1%. 48. — Section of tlie Chinese rice- dance low price, and easy 'working have obtained 

for it groat favour. The present with Tiussia 
will probably induce a determination to use the cotton coll to the still greater exclusion 
of the woody fibre ; and it has recently been shown in America that ropes made j 
« of cotton are far stronger and more durable than has hitherto been believed. 

Paper is made from the manufactured cotton, and also from the refuse part of tlio 
raw material. 



Multiplication of Cells. — It is not within the limits of this essay to enter upon 
the interesting question of the production of cells ; but wc may state that a common 
mode is that of division of the cell into tv*o or more cells. This is effected in the fol- 


lowing manner*;— First, there is an aggregation of the con- 
tents of the cell around the nucleus, whilst the nucleus 
manifests a disposition to divide itself into two by a line 
of construction on either side. Secondly, the cell-wall is 
bent inwards towards the point of division of the nucleus, 
and by degrees insinuates itself between the two parts of 
the nucleus as the division of the latter proceeds, until at 
length the cell- walls frpm opposite sides meet at the centre 
of thcriiuclchis, and the nucleus is divided, and two cells pro- 



duced. Each of the new cells contains half the original 
nucleus, whiqji now constitutes the nucleus of each cell ; 
and after a period it is prepared Jo subdivide and to form 
another cell, and thus progressively, so long as the vital 
process lasts. In this way it is conceivable that an im- 
mense multitude of cells may be produced and should the 
division be speedily effected, we may form a conception of 


Fig. 49.— Various stages of de- 
velopment of the Hjbmato- 

COCCU8 BINATJB. 

a, the simple cell. 

&, the cell preparing to divide. 
e t the cell divided, and a new 
cell thus produced. 
d, a divided cell again repeating 
the process of subdivision. 


the astounding fact, that in some of the last-growing cellular plants— as the mushroom 


— the cells have been produced at.the rate of sixty-six millions in a minute. 
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It is proper to state farther, that certain a&thoritics attribute the production of cells 
to the evolution of bubbles of gas in an azotized fluid, and they arc of opinion that onl/by 
that mode can we account for the extreme rapidity with which cells are developed. 

% Bothxenchym, or Fitted Tissue. — We now proceed to describe the various 
modifications of the fundamental cellular tissue, and first, that of Bothrenchym, since 
it is very nearly allied to cellular tissue. It is so called from two Greek w*>rds signify- 
ing pitted tissue, to indicate that a number of translucent spots jore distributed over its 
surface. We have already described the mode of formation of 
this tissue when considering dotted cells} p. 7. It^fiffcrs front 
dotted cells chiefly in size ; for it may be regarded as a scries 
of very large cells, placed end to end, and separated from each 
jotlier by obliquely-placed partitions. At a later period of life 
it puts on the character of a tube by the breaking-up and 
removal of the partitions. Its ordinary positioh in plants is in JJ® 

the stems of wooded plants, and more particularly of such as attach Fitr 50 .— Section of the 
themselves to other trees for support, and grow rapidly. Thus root of the Alder Tree 
it is met with on a thin longitudinal section of almost all trees, l^^c-sized pores, ^rse- 

but more readily in the older (Fig. 50), vine, clematis, cane mi-transparent spaces, 

( Rattan ), and similar fast-growing plants, and wherever a rapid 0 1 8 P 
circulation is proceeding. In this respect it differs from mere dotted cellular tissue, 
since that is more commonly found in the herbaceous than wooded plants. This, in 
common with other vegetable tissues, retains its characters perfectly for thousands of 
. years, as may be observed in the annexed figure of a duct (Fig. 51), 
--t taken from a piece of anthracite coqj. 

It is not uncommon to find a spiral fibre associated with the dotted 
tissue, as in Fig. 52, when the tissue may be regarded as a spiral duct 
with pores. It is a microscopic object of much interest, and very easily 
obtained. Take a piece of common cane, and having cut away a por- 
tion of the outside, take a # tliin section down the cane, and place it 
under the microscope in a drop of water. The little 
pits will be seen with much ease, as also the large size • 

^ of the tissue as compared with the woody tissue which 

Fig. 51. Porous accompanies it. We have found the best illustration 

duct, from An- of it in a piece of deeply- coloured rose-wood, for 
there the dark tint of the secretion gave a peculiar 
distinctness to the tissue. ^ 

Its chief use in plants is to carry on the circulation with great 
rapidity, and is therefore particularly nccessafy in such plants as grow 
in southern and eastern climes, and yield refreshing juices, %s, for 

example, the vegetable fountains of India. The importance of this tissue ^ ^ p orP(B 

to all plants maybe inferred from the largo amount of vapoujf wlfich * and a spiral 
they throw off by perspiration. Thus an ordinary-sized cabbage, in our ^^from the 
climate, was found to perspv.e to the extent of 1 lb. 9 oz., and a sun- mus). 
flower to that of 1 lb. 14 oz. in a day of twelve hours ; and it is 
evident that the great heat of southern clinics must induce a far greater amount of 
perspiration, and, by consequence, require a more active circulation. The fluid thus 
exhaled is supplied chiefly by the bothreneftym, which therefore has a circulation 
proceeding from the roots towards tho leavtJfe of the plant. This function is not 

ORGANIC NATURE.!— No. XIII. 




duct, from An- 
thracite coal. 
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Fig. 52. — Pores, 
m and a spiral 
fibre, from the 
Elm Tree ( Ul - 
mus). 
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seriously ifcat all impeded by the partitions which lie across the tube, as would at first 
sight appear ; for even should <such partitions be perfect, they readily permit the proper 
fluid to Alter through them. The great size of this kind of tissue, and the large quantity 
of fluid which it contains, render it imperative that it should be supported by structure , 
more resisting than its own. For this reason it is always found Surrounded by bundles 
of, strong woody tissue. Another function assigned to it in later life is that of conveying 
air into the interior of the plant. This occurs when the walls of the cell or tube have 
become imperfect, and would perrnjt contained fluid to pass out of them ; and then the 
fluid disappears, and its place is supplied by air. A third, and not less important duty, 
is that of a depository of the secretions of the plant. This only occurs when the tree 
is mature, and the central 'parts of the trunk, which are not then devoted to the -rapid 
conveyance of fluid for the purposes of perspiration. The deep-colouring matter of 
rose-wood and mahogany, and all similar trees, is chiefly found in this tissue. 

FrOm the above remarks it will be evident that bothrenchym is a tissue of great 
interest and importance, and is seen in its integrity only in the early life of a plant. 
Its large size, thin walls, and active functions, seem to predispose it to injury ; and 
therefore such tubes have the duty assigned to them of conveying air, or of storing 
up secretions which do not circulate. 

Gridiron Tissue. —Under the term of gridiron tissue, Professor Qiukctt has 
described an interesting* structure, oftentimes met with at tin* end of 
the ducts of pitted tissue. It consists of a series of bars which pass 
transversely across the tube, and occupy the position of the usual 
transverse septum. It is probably not a distinct structure, blit only 
the remains of the original septum. AVc have met with fine examples 
of it in several trees, but more particularly in the alder and white 
birch ( Betula alba), A similar condition has also been observed in 
a fossil palm found at St. Vincent’s. 

Pleuxenchym, or Woody Tissue. — The tissue most closely 
allied to bothrenchym, and yet widely removed from both it and 
cellular tissue, is pleurenehym, or woody tissue. This constitutes 
the mass of the stems of our forest trees, and is thus of tin* utmost 
social use to man. It is, also, found in all young and tender 
shoots, and in bundles in the stems of all, even the most delicate 
flowering plants. Its peculiar characteristic is that of great tena- 
city and power of resistance, and for this its structure is admirably adapted. As these 
characters are opposed to those of b^hrenchym, we are prepared to find a tissue dif- 
fering widely from that large and wide structure. The contrary is found in woody 
tissue, for it consists of ^bundle* of very narrow fibres, with tapering extremities, and 
so plabed end to end £hat the poyited ends overlap each other. Each fibre is very 
short, and the partitions which result from the apposition of the fibres, end to enfl, 
do not interfere with tl£t> circulation taro ugh them. Moreover, the tube is not com- 
posed of simple thin membrane only ; but, in addition, has a deposit within it, which, 
without filling the tube, adds very* greatly to the strength of the fibre. Perhaps we 
have here as good an illustration of the wisdom and power of the Creator os can 
readily be produced — viz . , an arrangement ^whereby the greatest strength and power 
of resistance and elasticity shall be obtained, and at thi same time the functions of cir- 
culation uninterruptedly maintained. The strength is mainly due to the shortness of 
each fibre, the connexion by appofiite ends of many fibres almost in one direct line, 



Fig. 53.— Ghidikon 
Tissue, forming 
the termination 
of a dotted duct in 
the alder (Alnua). 
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deposit and their 
pointed extremities 
overlapping each 
other. 


from the root upwards ; and, lastly, to the deposit on the inner side of the gtembr ane 
This sentiment is irresistible, when we remember the* various economic purposes 

to which man in all ages has applied the 

1 wood of forest trees, and also the power 
of resistance and elasticity which trees are 
required to offtft while supporting large 
I- branches at a considerable Jngle,* and to 

rft I prevent ^;heir being uprooted or broken to 

l| I i pieces i>j violent ttorms, all of which is 

n J&j L**' mainl y due tissue now under con- 

I Hi fc si deration. # 

There are two kinds of woody tissue 
VVttO fr — v * s ' 9 P^ n ar| d the glandular. The 
[ plain wc have already described. The 
I glandular is that form which more nearly 
I resembles bothrcnchym, and indeed may 

1 easily be mistaken for it. It consists of a 

l l I plain fibre or tube, such as that already 

k| \ \ 1 described ; but, in addition, there is super- 

l-U 05. Several woody im P 03sd ’ with 8 reat rcprularity, a series of 

ri£r. 54 .— Bundies of Si>rei with interna’ rounded translucent bodies called, or rather 

pXtld extremities misled, glands (Fig. 56 ). These 
niAi'll Tttbly ,nat? “ overlapping each Inc most part, arranged in single rows, and 

other ‘ are so kirgo as to occupy the wholo face 

of the fibre. 

There is groat dit Terence of opinion as to tlie nature of those so-called glands ; 
some authors regarding them as simple concavities in the nature of a simple pit, whilst 
others believe that there is a pit, and in that pit is deposited the rounded, flattened 
body termed the gland, nr bordered pore. • 

Professor Quekett adopts tlie opinion tltat these bor- . ^ 

dorod pores lie in concavities between two adherent fibres ! p j© [ 0 I 

(Fig. 57 ). Tho bordered pore is hollow, and biconvex, so Y-<$ @1^ |© \ ^ ! ;l l r \ 
as to fit into the two cavities. They are best seen in a © |@j^ @ ^ \ 

section of wood, taken parallel to tho medullary rays. ('^/a i® j @ ® . jj| 

It is not a little remarkable that this form of woody •AM Y\ © J 1, | @ ® n\ |y\ 

fibre should be found only in one class of trees — ryg., the 1 — uli— \\ ^ 1 1 \\ Ifti 

Coniform, or fir tribe, with their allied genera ; pud in such Fig. 56 . — Section of com-moif fir 
plants it is tho only form of woody tissue mot with. If p^d° r SSmnSST^ t hi 
a very thin section of a piece of fresh fir tree, or of a yeco wooay fibre and A glaJd, or 
of dfcal or cedar, bo examined with the microscope, as before ro^o^caclfflSre.^ U sin8:l0 
directed, the glands will be seen very distinctly (Pig. 56 ) ; # 

and if a piece of rotten fir be selected, it will not be difficult to find a spot at which the 
gland appears to have fallen out. Such also is the §ase witB the coal shale, a largo 
portion of which is composed of the stems of the fir tribe, which have been buried 
during thousands of years ; and if care be tak%n to grind down a thin section, not only 
.(Piay the glands and their remains* be seen, but in some ins tances tho pits which once 
contained the gland.. * 

This, however, is chiefly a matter of curiosity, siiyse wo do not know anything of 
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wood, or deal; showing the 
poirted extremities of the 
wooay fibre and A gl&Jd, or 
bordered pores, in a single 
rov^on each fibre. 
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the especial functions of this kind of W oody tissue. The botanist, however, attaches 
value to it, since it enables hipi to demonstrate, in recent and fossil woods, the exist- 
ence of the Conifer a, or fir tribe of plants. 

It is not uncommon to find a spiral fibre associated with this glandular structure, 
and sometimes, as in the yew {Taxus haccata , Fig. 60), thore are. two which are wound 



Fig. 57. A lateral view of two adjoining fibres to show the concavity in each, and the space 
formed by both for the reception of the bordered pore, B, bordered pores from the Salisburia adian- 
lifoUa , which are naturally found in cavities similar to those in A. 

Fig. 58. Similar arrangement of tubercles and cavities of the Aporam anccps. A, a fibre with 
the tubercles or glands in situ , and projecting. I), the glands detached. C, the concavities on one 
fibre whence the glands have been removed. B, the spaces for the lodgment of the glands formed 
by two adjoining fibres. 

Fig. 59. Rows of bordered pores on the woody fibre of a fossil member of the fir tribe, which 
had been long buried in the State of Obir. 

Fig. 60. Porous woody fibre in the yew ( Taxus haccata ), with the spiral fibres wound in opposed 
directions. 


in opposite directions, and give the appearance of a net-work. This is presumed to 
assist in maintaining tho patency of the tribe. 

The uses of woody, fibre are very varied, and most important, and may be divided 
into two categories, — 1st, such as benefit the plants ; and 2nd, such as benefit man, 

1st. Such aa, benefit the plant. 

It is the chief organ of the circulation in all wooded plants, and for this purpose 
pcrvad&s the plant from the root to the branches, and even to the minutest leaves and 
flowers. The current in this tissue is Blow and uninterrupted, and is directed upwards 
from the shoot through the stems to the leaves, and downwards from the leaves through 
the hark to the root. Thus its current has a twofold direction ; the ascending and chief 
one.being for the purpose of taking'the raw sap from tho ground, to be digested in the 
leaves, and tho descending being devoted to the removal from the leaves of the digested 
sap, he implied to tk'o purposes of the plant, and also of the refuse matter to bo car- 
ried to the roots, and thence thrown out into the soil as a noxious material. These 
functions are carried oa more vigorously during the spring and summer seasons ; Hut 
it is probable 'chat even in the depths of winter it docs not cease. 

Another function of woody fibre is to be the store-house of the perfected secretions. 
It is well known that as trees advance in life, the wood assumes a darker colour, and 
more particularly that lying near to tho egntre of the stem. This is due to tho deposit 
of the perfected juices in the woody fibre at that point ; and when age has matured tho- 
tree, it is probable that the woody fibre go employed is no longer fitted for the circu- 
lation of the sap ; and also, that the perfected sap, when once deposited, does not again 


! 
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join in the general circulation. The dark colour of the heart of oak, as contrasted vpth 
oak of very recent growth, is an illustration of this fact, & is also the deep colour which 
is met with in ebony and rosewood. 

• A third duty under this head is that of giving stability to the tree. It only requires 
a moment's reflection to enable the mind to appreciate the vast # power of re<pstance 
which is placed in forest trees. The oaks of an English forest have stood* a thousand 
years, notwithstanding the hurricanes and storms to which thej»havc been yearly sub- 
jected ; and a familar illustration of the most violent storms, of which we hear and 
read, is that of the tearing up by the roots of the large forest frees. How mighty must 
be that power which can withstand influences so terrific as those which pach person 
must liavo occasionally witnessed ! This power is partly due to the mere mechanical 
'hold which the roots have of the soil; but the tenacity of that hold is almost entirely 
due to the woody tissue contained in the roots and stem. Again, it is no uncommon 
occurrence in our old English parks to find branches of old trees which stretch from the 
trunk to the distance of fifty feet, and which in circumference are as large as trees of 
considerable growth. These do not stand perpendicularly from the ground, but pass 
out of the stein at an angle which is in sonic instances nearly a right angle, and must 
therefore be kept from falling directly in opposition to the effects of gravity. The strain 
exerted by such a branch is enormous ; and yet the branch is maintained in its posi- 
tion for hundreds of years by the simple cohesive strength and tenacity of a scries 
of woody fibres, each one-sixth smaller than a human hair, and too minute to he 
appreciated by the naked eye. It is probable that no mechanical agency at present in 
operation could effect that which is thus so readily effected by nature with the most 
simple agencies. 

2ndly. Such as benefit man. 

We <lo not refer to the almost infinite uses to which wood, in boards or masses, is 
applied by man, and the vast multitudes of beautiful objects which his ingenuity has 
enabled him to prepare out of the varieties of wood which nature has so bountifully 
provided. 

Not loss useful is the same woody fibre when reduced to very minute bundles or 
threads. 

When the fibres are obtained in tolerably large bundles, they arcs used in*placc of 
bristles for street brooms, and especially when obtained from the cocoa-nut palm. 

The flax and hemp which arc imported so largely into this country, consist of 
woody fibre, obtained not from the wood of large trees, but from the stems of slender 
plants. From this raw material, ropes, sacks, linvn, lawn, and other textile fabrics, are 
now made, as some ofc them have ever been by all nations. Uncivilized, or partially 
civilized nations, have been accustomed to use the baik of vicious trees ^ffering this 
woody fibre in a very divided condition ; and from«this have prepared ropes and other 
cuticles of utility. It has long been known that cordage o£ a yery strong kind was 
used by the ancient Egyptians, anterior, in all probability, to Ihe building of the Pyra- 
mids ; and Mr. Layord has recently exhumed sculptures which show that the yet more 
ancient Assyrians removed their gigantic winged tails and other objects by cables of 
great size and strength. 

The bark of the lacc-trce {Lagetta l in fear ia) yields a net-work of woody fibre of 
exquisite beauty, and of great utility, and ^ used by the natives of that clime as a 
1 ready prepared fabric. m 

| An indisputable proof of the antiquity attaching to the use of this fibre is afforded 
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in the fact, that the mummy cloths of the ancient Egyptians, which arc nearly five 
thousand years old, are found to be composed of this material. 

At the present day, this tissue is abundantly used, and is derived from very various 
sources. Its relative value depends upon the fineness and evenness of the film:*, 
and upon its elasticity. It has been found that certain kinds* of flax have very great 
powers of resistance whefl exerted in a straight line, but readily break when they arc 
bent. This is the caoe with the New Zealand flax; and its brittleness is to be attri- 
buted only to the nature of tlic xqatcrial deposited within (lie tube. The flax obtained 
in this country, in I rebind, and India, from tile Cannabis, has less resisting characters; 
but as it (Joes not break so much in the process of hackling, has a higher marketable 
value. The pine-apple fibre ig very capable of minute subdivision, and is very resisting, 
and consequently very fitted for the manufacture of fine fabrics. Cocoa-nut-palm fibre 
is also very strong from the presence of secondary deposits. 

The cost of flax has induced mercantile men to use woody fibre of less durability, 
but at the same time of a less costly kind— such as that derived from the China- 
grass, a species of nettle ( Vrtka)\ and from it much of the less durable linen cloth and 
pocket-handkerchiefs arc now produced, it is well known that the tissue now under 
consideration occupies a medium between silk and cotton, as it regards resistance 
durability, and cost. 

Silk is the produce of a mem- 
ber of the animal kingdom (Fig. 

62 I)), and occupies the highest 
position in the qualities referred 
to. Labillardicre ascertained 
that bundles of fibres of equal 
size, of silk, flax, and cotton, 
gave the following unequal 
powers of resistance, on the 
application of a weight : — 

Silk supported, without break- 
ing, a weight of . . . 3 libs. 

New Zealand flax ( Phormitun 

tcnaSt ) 23$ 

Hemp ( Cannabis ) . . . 1G| 

Flax (Litium) . . . . n-f 

Fita-flax [Agave Americana ). 7 
The resisting powers of cotton are 
much below the lowest now in- 
dicated. t 

Irf'ordel^tho bet tor to appre- 
ciate the characters of these tex- 
tile materials^ single Tbrcs of 
each have been selected and 
placed side by side (Fig. (72), and 
to these have been added hairs, 
or fibres of wool, and silk. These 

have not only boon used largely r ig . ci.-Ao,™ 

for centuries in the manufacture of woollen cloths, hut the former is .found woven with 
cotton in mummy cloths obtained Jfrom fltaheite. 
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The last use to which we Bhall now refer, is that of affording saccharine juices to man. 
This is known familiarly in this country in the wine obtained from the fermented juice 
of the birch tree {Be tula alba ) . It is still better known in the N orthem and W estem States 
ok America, and in Canada, from the sugar-yielding maple {Acer sacchartnum ), This is 




rig. 62. — Fibre of A ; of cotton, P*; of wool, C; and of Milk, T> ; placed side by side, so that 
tlicir relative size and markings mpyibereadttjrwmtrastcd. The fibre or cells of cottons re 
manifestly much thinner, and less restating, thartthase of the other substances. • 


still a greatly valued’produet in the less aocso^iMe paAsof therxstamljy ; but the introduc- 
tion of the cane* sugar of the Southcrn^tatos^ds/gradually supplanting it in public esti- 
mation. The sugar obtained from it is but swefctens well, and will probably 

be one of the treasures of the happyjkottsewifoint^ paradise of the “ far west” 

for many years to come. In both of thajj^vow^ the juice ie collected in a similar 
way — vfc., by boring one or more holes ifitOJfc^e^stem of the tree at the period of the year 
when the sap has most accumulated; and^sas thc sap exudes, collecting it in vessels 
placed at the foot of tHo tree. The «Bgar>is thence obtained by men* evaporation 
and subsidence ; but the wine requires thersubacquent process of saccharine iermen- 
tut-ion. 

The spruce-beer in use in Norway, and: the refreshing juices of India, are obtained 
in a similar way, and from the same vessdb-^r woody and pitted tissues. 

Palm- wine is a delicious beverage, obtained from various species of palm, but espe- 
cially from the eocoa-nu$ palm {Cocos nucifora), the gomutO' palm {8a guerus sacchanfcr), 
and the magnificent Pak$y*a:paim {Boramus ^abellifonrns) . r'Rie latter & the uncst 
widely distributed of aU ^apfc^ tribe, «s»(ritinhabita ^l tho various regions of the 
Continent and Islands of India. IMr. ForgttWfO*a,in thc^ffftet ^lustrated book which 
proceeded from Ceylonyhaasgiv«maMM^t< valuable account of the palm trees of Ceylon. 
We counsel our ^Teate^toi^penBe^t ^attentively, ancl especially that portion which 
describes the Palmyra palm and its products. The juice is procured by crushing the 
young inflorescence, and cutting off the upp^r part. It is then collected in a vessel 
attached to the cut end, and the alaily discharge of the sap is facilitated by cutting a 
new slice every day. The fresh sap, called ta+ee> or toddy, is very refreshing ; and, if 
allowed to evaporate, yields a deposit of (‘dorse sugar, or jaggery. When fer- ; 
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Fig. 64. — Spiral Vessels, 
simple spiral vessel, that is, 
having? but one fibre. The lines 
bounding the pointed extremity 
represent the inclosing: mem- 
brane. 

XI, a compound spiral, or a vessel 
composed of many fibres, wound 
in a spiral manner. 

C, a compound spiral from the 
Ganna hicolor , with five spiral 
fibres : more highly magnified. 


The position of woody fibre is readily determined. It constitutes not # only the 
stems of wooded trees, hut is found in single bundles 
i?* the stems of delicate herbaceous plants, and may he 
readily seen there when the stem is tom across. In 
a similar manner it occupies the thin cuticle of herbs, 
and may be readily observed in the ridges, or veins, 
which run from the root upwards. It is also met with 
iii the bark of all trees, in the of leaves an^L 

flowers, and even accompanying the spiral vessels 
into the fruit of plants. 

Vascular Tissue or Trachenchym.— TJho tis- 
sues which wc have already described arc chiefly de- 
voted to the circulation of fluids, or to the inclosurc 
of solid substances. Those, under this head, are in 
great part associated with the transmission of air within 
the plant. They are divided into two classes — viz., spiral 
vessels and ducts, and are, perhaps, the most beautiful 
microscopic objects in plants. It is not at all times 
easy to distinguish between those two classes of struc- 
tures, since both consists of thin'membrano in a tubular 
form, and inclosing a fibre wound in a spiral direc- 
tion. The theoretical distinction is, that the fibre of 
the spiral vessel may he unrolled withouf breaking, 
whilst that of the duct is inseparably connected with 
the membrane, and cannot he unrolled in its integrity. This general distinction is 
doubtless correct ; but an unrolled spiral vessel, and a duet, in which the membrane con- 
necting the spiral fibre lias been destroyed, have a very close resemblance to each other, 
it is highly probable that the distinction is less one of nature than one established h} r 
botanists as a matter of convenience. • * 

The Sri ual Vessel is a cylindrical tube*with conical extremities, and having one 
or more fibres wound as a right or left-handed * screw, which may unroll without 
breaking. It has been disputed whether the fibre is placed within or without the 
membrane, and whether it is solid or hollow ; but wo are of opinion that it is inclosed 
by the membrane, and that it is always solid. These vessels are not individually 

of great length, hut arc con- 
nected together by their coni- 
cal extremities; and it is not 
unusual tjj find the intervening 
■ partition ruptured. *\VheJ but 
one fibre is inclosed the vessel is 
termed a simple spiral vessel (Fig. 
£4 A) ; but when two or more 
gcxist, it receives the appellation of 
compound (Fig. 64 B & C). In 
some instances, upwards of twenty 
fibres have been counted in a 
compound spiral vessel. The 
♦spiral vessels are very numerous in 



-A bundle of spiral vessels from the veinePof the 
li-usel nut ( Corylus avcllana), showing their great num- 
ber and very minute size. They arc embedded in admass 
of hexagonal cellular tissue, as 'represented at a. Mag- 
nified 200 diameters. • 



26 


THE 'VASCULAR TISSUE. 




all flowering plants, but more so in certain bulbous plants, as that of a squill growing in 
the neighbourhood of the Mediterranean. The inhabitants collect them, and tie them in 
bundles to be used in the lighting of cigars— an office for which their smouldering flame 
renders theta well adapted. They are met with in all parts of plants except the rot ts, 
but more particularly immediately surrounding the pith, and in all parts emanating 
from*, it— branches, icavcs, flowers, anil fruit. They may be readily obtained 
by cautiously cutting through the cuticle of the footstalk of the strawberry -leaf (Fra- 
garia), and then gently separating the divid^ portions, when they appear as very 
fino threads arranged tin loose spiles. 

They abound in the veins of leaves, / 

and even/in the' minutest parts of the % 

found in the foot-stalks of all fruits, N ,,/ 
readily be seen by tearing the seed 

and placing it in water under the - • 7 *^ 

microscope. The spiral vessel is ^ //L w- I -MlM. 

there exceedingly minute and Lean- 

Perhaps, of all positions in which it (;g. — a portion of a bundle of spiral vessels from 

may be the best inspected, tliat of the t^P stem of the potato plant {Sola nam tuberosum] 

/ . , , embedded in loose cellular tissue, as represented at «. 

veins running over the brown coat- The tubular character of the tissue is well seen at h , 
ing of the common hazel mit ( Cory l us the separation »t the liW permits the obRervcr 

„ , ; ,,, to look within the tube. At that point also the 111- 

avellana , rig. 60), after the shell has closing membrane is well delineated. These arc 

s- —4. » —* “ u «- 

The brown membrane should be 200 diameters, 
soaked in water for a short time, m 

and then the veins carefully torn oj»en with needles, and placed under the microscope. 
If the light bb not passed through them, but be allowed to fall upon them, they 
appear as bundles of beautif nil y - white glistening lines, consisting of scores of very 
minute spires. 

Such is also the ease with other similar fruits, as those of the walnut (Juglam 
regia ) and chestnut (Fag us castanea ). They arc seen to great advantage also in cer- 
tain succulent stems, as those of the potato, by cutting the stem across obliquely 
with a knife in bad condition, and the section placed under the microscope (Fig. Mi). 

They are of veiy delicate structure, and require other tissues to inclose and protect 
them. This is chiefly performed by the woodyfibre, and thnseach vein of aleaf or 
herbacoous stem has its central bundle of spiral vessels inclosed in a coverin^j of 
woody fibre. 

The use of the spiral vessel^ has been the subject of much investigation, and it 
appears probable that fit some period it conveys air charged with an increased per 
oentage of oxygen, and thus becomes a system of internal respiration, much after the 
manner of the distribution of the trachea* in insects. At a later period of its existence 
it is probable that it contains fluid. The spiral fibi*c is valuable at cither of these 
periods as keeping the tube open, but more particularly when tbe cavity is filled by 
air only. 


1,'igr. (JG. — A portion of a bundle of spiral vessels from 
tl^; stem of the potato plant {S Utlanvm tuberosum ], 
embedded in loose cellular tissue, as represented at a. 
The tubular character of the tissue is well seen at b , 
where the separation of the fibres permits tbe observer 
to look within the tube. At that point also the in- 
closing membrane is well delineated- These arc 
of large size, and, with those of Fig. 05, may well re- 
present the two extremes of development. Magnified 
200 diameters. 
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..Suets arc tubes with conical or rounded extremities, and their sides njarked by 
a transverse lines or bars. Their size is aboi*fc twice that of spiral yesselS. 

D ^ Their appearance is very various, and depends upon the direction of the 

spiral fibre which assimilates duets to spiral vessels, or the presence of 
N other internal deposits, which renders them not unlike pitted tissue. 

C When the* spire is so arrange! as to diftef from # that of # the spiral 

■ rt / v(*ss(*l only in that it cannot unroll, the vessel is^enned t? closcl l duet. 

^ When it is broken up a# intervals, so t^iat single coils shall be detached, 

^ the term annular is applied (Fig. (»7) # and propeiv represents the rings 

s ^ which are so commonly found in ducts. This form is said to he due to 

: the rapidity of the growth, wlityeby the ^fihrt is carried aldng more 

■ • ^ rapidly than the membrane can bo produced. 

I , ^ The reticulated duct is perhaps the most interesting of the various 

3 kinds of duels, anti appears to be formed either by two fibres wound ;n 

J p opposite directions so as to cross each other, or by a single fibre which 

>> breaks and anastomoses at intervals. The characteristic feature is that of 
a net-work. .All these various forms of duct, and also other modified- i 
tions, may he found in the stem of a full grown 
garden balsam. The succulent sterns of herbaceous 
plants are the more common positions in which 
n r r7 - . JJVCTg ducts are found ; hut they arc abundantly met | 

with in the softer kinds of wood, as of the lime- {gg: | 
tree ( Tilia ), willow' (Sali.e), or birch (. Bctula ). 

We cannot omit to refer again to the analogic^ which exist 
in the structure of animals and vegetables. Thus, in the animal Fig. 6s.- -The trade ;r 
kingdom, we have a tube wliieh very closely resembles a spiral S^he^water-bw-tlV, 1 
vessel, — viz., the trachea* of insects. This is dearly shown in having many of the 
the accompanying figure of the Dyticus (Fig. G«S), which repte- 
sents a tube made simply of a fibre inclosed bj membrane. • 

It is unnecessary to refer to all those forn»> of duct in which w r e find a secondary 
deposit so arranged as to give the appearance of pits, since w'e have alreSdy considered 
similar structures under the head of Bothrmchym (pp. 7 and 17). 
But there is one not described as yet — viz., the Scalar if or m or ladder 
duet. This is so called from the resemblance which the transverse 
lines hear to the rounds of a ladder. The scalar if arm duet is of con- 
siderable size, and usually six-sj{Lcd, and has a deposit so arranged, 
on its inner side, that either its presence or its absence causes 
certain transparent lines to appear of very regular intervals. In 
some instances so many as twehy sides have been obsel^rd ; •but 
whatever may be the number of sides, they are separated by 
clearly defined perpendicular lines. The /ranVvcrse bars do not 
Fig. 69. — Scu lari form P Jlss quite so far as the boundary Jinc of the side — a circumstance 

vessel, showing the which gives a greater degree of resemblance to the figure of a 
transverse bars on..- 0 .. 0 , ° •, 

nine sides, and the ladder. As there are transverse translucent spaces of about equal 
tube Ch rai tCr ° f ^ S * Z ° an< ^ a * distances, there will, of course, be alternate 

transverse aiM equal bars separating these spaces. These bars 
are continued with the’ boundary line of the side ; and, upon the whole, it appears 1 
probable that the deposit has been placed at ttfese ppints, and that the translucent | 






characters of a vege- 
table spiral duct. 


Fig. 69.- 
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Jines ortpores arc the parts at which no deposit has occurred. It is still in dispute 
if this deposit has taken place in the spiral direction so commonly 
found in vegetable deposits ; but it is quite certain that in a few 
instances the scalariform has unrolled like a spiral vessel (Fig.^70). 

Thq use of these # vcsscls differs littl^, if at all, from that of other 
ductSj; — that of conveying fluids with rapidity ; but there 
is this great peculiarity, that they are found only in one class of 
plants — viz., the ferns ( Filices ), a§\d there suppldht all other forms of tS ? " ' ' ' 
vascular tissue (Fig. ft). Thus tkere are two great classes of plants 
wlii ch have distinguishing anatomie al eh aractors : viz . , the Con if era 
or nr tribe, distinguished h$’ its glandular woody fibre, and the a l art r e scalar itorm 

fern tribe, known rcadilv by its scalariform tissue. The scala- duct, with nine sulcs 

’ * J _ _ . unrolling like a spiral 

riform tissue is also enduring m a vessel, and showing 

remarkable degree, as was stated of 11 ull} dogy with 

& ’ spiral structures, 

the glandular woody tissue ; for 

ferns, like firs, are abundantly found in the coal measures, 
and Professor Quekctt discovered it in a funereal urn dug 
up in the island of Anglesey. 


This appears a favourable point at which to request 
the reader to look hack and observe the unity of design 
which appears to pervade the whole structure of plants. 
We have just seen that there is not, in truth, any essential 
Fig. 71.— Handle of scalariform distinction to he made between the three classes of vao- 

vessels inclosed in cellular tis- cu ] ai - tissue now described— spiral vessels, duets, and scala- 
wicm tli p common brake fern, . p „ 

the JUtris aquifina, riform vessels, all of them being composed of a mem- 

branous tube, with a secondary deposit assuming the spiral 
direction. It is also evident that these differ in no essential respect from Botlirenohym 
or pitted tissue ; and from dotted celts and fibre cells, only in size and figure. 
Thus we liavp traced the essential identify of the tube with the cell, and of the highly- 
figured vascular tissue with the simpler cells with a secondary deposit. The woody 
tissur is, in like manner, an elongated cell of thickened membrane. 

The arrangement or classification of these structures is not as yet in a satisfactory 
condition, and it is yet a desideratum to find out some general feature by which they may 
be grouped in a less artificial manner. That one which lias already been referred to 
— viz., the simple membrane af.d the membrane with a secondary deposit — as the 
basis of all tissue's, is a step in the right direction. It is clearly unphilosophical to 
regard ^erc markups as points of distinction, where* there is not real difference in 
structure and functions. So fiffr as wo have now accompanied our readers there can 
be no difficulty iijj. acknowledging that we have simply passed through modificatiSns of 
a simple ceil. c 

X>aticifexotis, or Milk-bearing Vessels.— There is yet another very inte- 
resting and somewhat toss simple form of tissue to be described— tv*:., the milk-boaring 
tissue so readily inferred to exist from the white exuding juice of the cut dandelion 
( Leontodon ), and poppy [Taymvcr), or tlfb yellow juices of the Chelidonium . The essential 
characteristics of this tissue is its bymehed distribution, and the intermitting or pul- 
satory motion of its contents. In % both these respects it differs from other vegetable 
tissues, and corresponds very •closely with the blood-vessels of animals. It is well 
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known that nature never progresses l)y bounds* "but by gentle ascents, and that, not 
only docs one fundamental structure run through the wheje of vital existences (whilst 
j the anatomical characters of widely - separated 
, elites are yet very distinct) ; yet that there are 
i certain similarities which become, as it were, the 
: larger links which unite them together. The? 
j structure now under consideration is the large 
I link which binds vegetables and animals together, 
j No other vegetable vascular tissue uniformly 
branches, and none has a pulsatory motion of its 
contents ; but Loth these conditions arc universal 
in. the animal kingdom. There is yet another 
similarity : — The Lacticiferous or milk-bearing tissue 
(Fig. 72), is devoted to the maintenance of the? 
vitality of the other vegetable structures, and not 

to any extraneous object whatever. If a stem be Milk vessels from the stipules 

* * * i i . , rn . » . , ... « of the Ficus efastica , or India-rubber 

in great part cut through, the effect is to kill the fig-tree, showing the branched and 

: plant — not so much by destroying its functions as ramifying character of the tubes, and 
{ . . J \ r t _ m " , “ " the granular nature of their contents, 

by pouring out the milky juice, which should 

| maintain the life of all the structures— in fact, by bleeding it to death. This is not the 




Fig. 73. • Fig. 74. 

Fig. ?3. — The smallest vessels or capillaries of the frog's foot, as seen by tjic microscope, whilst the 
circulation is proceeding, a indicates a vessel of a larger size, which* subdivides, at h into che 
capillaries. The vessels anastomose with each other, and branch in every direction, and con- 
tain the cm I bodies, or blood globules, which correspond to itie granules in Fig. 74. 

Fig. 74.— Milk-vessels of a water-plant — the* Limnocharis Humboldtii % snowing their granular con- 
tents ; and the walls apparently made up of a series of oblong cells of cellular tissue, and the whole 
inclosed in hexagonal cells, as shown at 6. The arrows indicate the direction of the current. 


case with the woody tissue ; for if that were nearly drained of its contents the plant 
would not necessarily perish ; but if the milky juice be withdrawn too abundantly 
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T as from* tlie cow-tree {Palo de Vacca ) of Ceylon, or the hya-hya tree, of British 
Guiana, which yields refreshing juices— the plant droops and dies. 

The similarity between this structure and the blood- vcssols of animals is well 
seen in diagrams, Figs. 73 and 71, which represent, side by side, the capillaries* or 
smaller blood-vessels in the frog’s foot, with the contained blo6d highly magnified, and 
the lacticif&rous tissue, with its contents. 

The undulatory^r pulsatory motion of the contents of the tissue may be well seen 
in the Li innochar is Hamboldtii , a jyater-plant found iu liot-liouses (Fig. 74), if a portion 
be cut off, and exposed to the for a short time, and subsequently placed in water. 
The exposure to the sun causes so much evaporation as to greatly lessen the quantity 
of fluid in the vessels;' and the subsequent immersion in water enables the plant 



Fig. 75. — The Banyan Thick [Ficus rcliyinstt), showing its original trunks, and the brandies which 
have passed down to the ground and taken root, and have become new centres of growth and 
nourishment. This tr jc is so largo that a regiment of soldiers may take refuge in its shade. 

• to supply t«,s wants, afid to pump, so to speak, vigorously. This diagram is also illustra- 
tive of the opinion formed by certain authors as to the relations of this tissue— 

. that it is very analogous to mere in' or- cellular passages. In this view, it is not a 
distinct tissue, although it may have special functions. 

The latex , or milky iluid, is ^of immense service to man, in two way's more parti- 
culurly : — 

First — As already intimated, it constitutes refreshing beverages, readily obtained, 
1 and in large quantities, to travellers in the sunny climes of Asia. Such are tho cow- 
: tree of South America, the kiriaghuma \Gymneuralactiferum ), and hya-hya ( Jabernm - 
mantana ulilis ) before-mentioned^ and also the Euphorbia balsamifera , of the Canary 
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Islands, the juice of which, as a sweet milk, or evaporated to a jelly, is taken as 8$ 
gTcat delicacy, and the Banyan tree (Ficus religiosa — Fig^ *75). Many of those juices 
also contain medicinal properties of great value. 

v- condly— In the production of caoutchouc, or India-rubber. This invaluable sub- 
stance is found in all plaftts, but more particularly in the Fig. Euphorbia, and Cactus 
trees of the East Indies, South America, and Africa within the torrid zond. £)f all 
these, the fig, known as the Ficus, or Siphonia elastica, is the most valuable ; but in the 
countries where the manufacture of India-rubber i% a daily occupation, it is not 
exclusively selected. This increased quantity of caevitchouc in # the latex of hot cli- 
mates is believed to be due to the powerfully elaborating property of the sun's rays in 
those climates. * 

The following is the mode in which the India-rubber is prepared from the milky 
juice ; 

The natives having selected a fine specimen of the Siphonia elastica , sixty feet in 
height, make deep incisions into its smooth, brownish -gray bark; after which the 
white juice flows forth in considerable abundance. Before it dries upon the trunk, or 
in a j»ole at the foot of the tree, it is spread over bottles of unbumt day, and dried 
over a smoking fire ; care being taken to prevent the ilame burning it. When it is 
dried, another coating of the juice is placed upon it, and that again is hoid over the fire; 
and the process is thus repeated, until the required thickness has been attained. When 
the process is completed the bottle of clay is broken and the pieces extracted ; after 
which tlm Indian-rubbor is ready for the marke t. It is met with in commerce of various 
colours, terminating in a deep black ; but the juice is originally colourless, and the 
colour is produced by the smoke in which it is immerwd in the process of drying. 

This tissue* is found in all parts of a plant ; but, from its ramifications amongst 
other tissues, cannot he readily separated. It is most readily seen in the fresh stipules 
o f th c Ficus elastica . 

Gutta-percha is another invaluable substance, recently obtained from the latex 
of certain plants, and especially of the class called Sapotacea, abounding in the Indian 
Archipelago. The trees whence it is obtained* are large, hut not otherwise valuable. 
Tin; gutta-percha is obtained by incising the hark and collecting the milky juice, which 
speedily coagulates. Each tree yields from twenty to fifty lbs., so that the destruction 
of a large number of tree's is required in order to meet the present enormous demand 
for this article of commerce. It. appears that the proper term is Gutta- V ulo- Per cha — 
gutta signifying gum in the Malay language, and Pulo-Perclia the island wdience it is 
obtained. When translated into English words, it is — gum of the ragged island.'* 

The Secretions of Plants. — We now proceed ‘to describe the chief secretions 
of plants, some of which arc of the utmost value to man. They aivS-Starch, P^aphid^s, 
Silica, Oils, and Fats, and the colouring principles of pRlnts. , 

Sfhrch. — This alimentary substance was, until recently, believed* to be peculiar to 
vegetables ; and, although it is not strictly, it is almost exclusively confined to them. 
It is, moreover, the chief clement in vegetables, which renders thpm fit to be the food of 
animals, and enjoys, therefore, a position of the utmost •importance. Starch is not to 
he understood as directly represented by the article of commerce which boars its name ; 
for, although that is starch, it has been so prepared as to lose the anatomical charac- 
teristics which starch in its natural state possesses. All plants, probably, possess this 
substance, hut in very unequal degrees ; and it is only when it exists in quantities 
much greater than the plant requires for its own purposes that it is sought after by 
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man. 4 s a ru lc, a vegetable, if nutritious at all, is so in proportion to the amount . 
of starch which it contains j but there are many plants which yield starch in tolc- I 
rablo abundance, but which are inedible from the presence of acid or poisonous fluids. 
In selecting articles of food, it is needful to bear both these facts in mind. Pt is 
most abundantly found in the seeds of plants, and especially in the cereals, or wtcat 
tribe ; and thence this article of diet is accounted to be very nutritious. It is also 
met with ih tho oellular tissue of plants, and especially in tho cellular matrix of 
such underground stems as the potato, turnip, and radish, and the stems of such 
( plants as the sago-paln-fig, whence it is obtained in large quantities. Green vegetables 
| contain a considerable proportion of starch at the period of their maturity; but they 
I are nutritive beyond the quantity of starch contained hy them, since the vegetable 
! structure itself has a very similar chemical composition to that of starch. Starch is also 
found in the bark of trees ; and, during periods of famine, the hark of certain trees in 
this country has been made into bread. 

This practice .was more common in the northern countries, where Nature has less 
I bountifully distributed her treasures. Mr. Laing, in his interesting u Journal of a 
J Residence in Norway,” states that he observed many trees which had been thus dila- 
( pidated; and, after referring to the country mode of grinding meal, remarks — “ This | 

! mode of grinding and baking makes intelligible tho use of bread of the hark of the fir-tree 
| in years of scarcity. Its inner rind (liber), kiln-dried, may undoubtedly be ground along 
with the husks and grain, and add to the quantity of in cal— it may even he nutritious. 

I had previously been rather disposed to doubt the fact, and to laugh at the idea of a 
traveller dining on sawdust pudding and timber bread. In years of scarcity, however, 
this use of fir-bark is more extensive than is generally supposed. The present dilapidated 
state of the forests is ascribed to the great destruction of young trees, for this purpose, 
in the year 1812.” 

But, notwithstanding its universal distribution, it is to be found in quantities 
only in the storehouses provided by nature — viz., the seeds and fruit of plants ; the 
potato (Solatium iudtrosum), carrot (Dawns carota ), turnip (lirassica rapa), and similar i 
underground stems, as they are termed.; and, lastly, the stems of palms, and similar 
endogenous plants. 

.Amongst plants which yield an acrid juice with the starch, we may first mention 
the tapioca plant, or Yucca dulce, the sap of which is used to poison the arrows ; 
but the starch is fitted for food after the roots have been beaten, dried, heated, 
washed, and pressed. The common arum of this country was formerly collected 
on account of the starch or aiTgwroot contained in its corm or underground stem ; 
but the aridity of the juice w as so great as to cause the hands of tho operator to 
inflame. 

’ The horse-chestnut is not edible for the like reason, although it contains much 
starch, and is excellent food for some inferior animals. It is also known that whilst 
tho tubers of the potato arc so w'holesomc, the berries are poisonous. The horse- 
chestnut was tried in this country as an article of diet in 1846, but its acidity arrested 
its use. 

Those plants which offer the starch unmixed with deleterious matters are : — 

1st. All the grasses, including, wheat, oats, barley, rye, and all trinclor seed-bearing 
plants. * 

2. Many leguminous and cruciferae , or pod-bearing plants, such as tho pea, bean, 
and lentil, cabbage, and turnips. 
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3. The Mar ant a arundinacea , or arrow-root plant, 

4. The sago palm. 

5 . Several bulbs and tubers, m as the 
o^on and potato. 

6. A species of plantain, which 
offers it so abundantly and in small 
masses that it was introduced and sold 
in this country as flour. 

The most interesting illustration of 
the admixture of deleterious and edible 
substances is that of the preparation of 
the Cassava meal, a kind of arrow-root, 
from the Mandioeca farinfia, a tree pos- 
sessing excellent starch, and, at the 
same time, the most poisonous juices. 

Its preparation is thus graphically de- 
scribed by M. Sehlciden : — 

u In a dense forest of Guiana tho 
Indian chief has stretched his sleeping 
mat, between two high stems of the 
magnolia ; he rests indolently smoking 
beneath the shade of the broad-leaved 
banana, gazing at the doings of his 
family around. His wife pounds the 
gathered mandivc roots, with a wooden 
club, in the hollowed trunk of a tree, 
and wraps the thick pulp in a com- 
pact net, made from tho tough leaves ^ 6 -"-The Arum maculatvm, with its cormus, or 
of the great lily plants. I ho long 

bundle is hung upon a stick which rests on tVo forks, and a heavy stone is fastened to 
the bottom, the weight of which causes the juice to bo pressed out. (This runs into 
a shell of tho calabash gourd ( Cresccntia Cujetc) placed beneath. Close by squats a 
little boy, and dips his father’s arrows in tho deadly milk, while the wife lights* a fire 
to dry the pressed roots, and by heat to drive off more completely the votolilc poison- 
ous matter. Next, it is powdered between two stones, and the cassava meal is ready. 
Meanwhile, the boy has completed his evil task ; tho sap, after standing some con- 
siderable time, has deposited a delicate, white starsh, from which the poisonous fluid 
is poured off. The meal is then well washed with Crater, and is their fine white tapioca, 
resembling in every respect arrow-root.”— Let not our readers alarmed ^hen they 
eat their next tapioca pudding; but yet it may be wel* to remember how closely lifeand 
death are associated. m 

Starch is met with in two forms : — 

First, amorphous; that is in fine powder, without way distinct form or marking, as 
in tho Salcp, commonly sold in this country. * m 

Secondly, and almost universally in the form of variously-figured cells. 

We have nothing to add in reference tc*tho former, except that, in common with 
tho other form, it is found incloscfl in the large cells of vegetables, as may bo seen in tb^ 
section of the potato (Fig. 83), and that the presence of both alike may be chemi- 

9 . 
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colly demonstrated, if a drop of a solution of iodine bo added to tho smallest quantity 
of starch’' and water, and placed under the microscope. The chemical effect of the 
iodine is to colour the starch of a beautiful deep violej shade. We may also add, that 
as starch has the property of polarizing light, its presence may be readily shown yy 
placing it in the microscope with the polarizing apparatus. 
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Fig. 77.— The Sago Palm [C$sas revoluta ), containing a large quantity of starch in its stem. 

V v ‘ * 

0 Further attention is, however, necessary to tho consideration of the second kiij£ of 
starch, or that consisting of cells; ajjd chiefly on the ground, that it is possiblo to dis- 
tinguish thti starch grains or cells of one plant from those of another, and thus to 
detect the adulterations which 0 are practised in reference to flour, bread, arrow-root, 
and other articles of farinaccoifs food. Much attention has been given to this matter 
during the past ten years, and with the result, it is believed, of having lessened, at least, 
tho frequdhey with which fraud has been perpetrated. 

Starch grains are distinguished from each other by their size, figure, and markings. 
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In reference to their size it will suffice to gl&ncc at Fig. 78, to show that it varies 
very greatly, and that it is very small in the rice (Fig. 78 g), and very large & the Toils 
les Mois (Fig. 78 l) ; whilst wheat (Fig. 78 c) and potato (Fig. 78 d) starch occupies a 
n$dium position. The ordinary figure is rounded or oval, sometimes much flattened, as 
in the Curcuma Icttcorrhiea, or East Indian arrow-root ; less flattened, as in the wheat 
and barley ; oval an d roundish, as in the potato%nd the peg (Fig. *78 t). The figure, 
however, although permanent in • • 

each variety in its general charac- h * ® 

acteristics, varies considerably. • § 

In every specimen a multitude of \5j 

smaller or imperfectly-developed * 

granules will bo observed; and * c 

they do not assume the form ^’<1 - *3 a 

which is obtained by the perfect ^ V? 

granule. The consideration of ^'§*§3 

the markings and their nature is C ' r SL 

the most interesting and impor- « , 

as they arc most permanent, and 
imply an acquaintance with the 

structure of the cell. We shall - 

therefore say a few words in re- * /gSH 

fercncc to the composition of the ** 

markings which distinguish the 

various kinds of starch. ^ . ' j ! ; '.V^ 

A reference to Fig. 78 will 9 

show that in almost all instances 

there is a central spot (Fig. • # 

78, 1), called the hole or hilum, 9 /wj 

and that a series of lines arrange | 

themselves around it. This will V 

be better seen in [Fig. 78 c, wfcich 

represents the cell much more Fig. 7ft.— The more common forms of the starch cell. 

highly magnified. The nature of «a|o\'la^ge*“‘rolndlrM^”ranular. 
both of these is the point in dispute. r * wheat, do., do., faintly marked with concentric lines. 

to. • n 1 i d. potato ; medium size, flattened, and with well-marked 

There is a cell- wall, as may be lines. 

seen in Fig. 78 g, in which, on the c » the R ? me » more highly magnified, so as to show the 
° . _ * nucleus, 1, and the markings, 2. 

application of heat, it has rup- /, Tons les Mois, the largest kindipf starch, ofjaval shape, 
tured, and is a little reflected. we]^developed»arkingB, and sometimes ifllh a dfluble 

BuMs there no central cavity, and g, the same, ruptured by the amilication of heat, so that 
do tho lines observed on the gra- “StSSf^SSSd.* ** ” . d corr , ugnted> nnd U ‘ e 
nules correspond with* layers *, the starch of the toxnmon *pea (Pi sum), with its deep 
•within fhrt w «n 9 Titova central folding or cavity.* The precise figure of this 

witmn tiio CCU- wall 7 ^hero cavity or foidingMiffers in various grains. 

have been two leading views on 
these points. 

1st. That the starch granule is really a vehicle or cell, having an inclosing wall* 
differing in consistence, and perhaps in chemicjl characters, from the starch-itsclf. 




Fig. 7 ft. —The more common forms of the starch cell. 
a , rice, very smull and angular, 
ft, sago, larger, rounded, and granular, 
r, wheat, do., do., faintly marked with concentric lines. 

</, potato ; medium size, flattened, and with well-marked 
lines. 

e, the same, more highly magnified, so as to show the 
nucleus, 1, and the markings, 2. 

/, Tous les Mois, the largest kim>pf starch, of oval shape, 
well.dcveloped giarkings, and sometimes with a dfluble 
hilum, 1. 

< 7 , the same, ruptured by the application of heat, so that 
the mcmbikneat h is retracted and corrugated, and the 
contents exposed. , * 

/, the starch of the common pea ( Pisum ), with its deep 
central folding or cavity.* The precise figure of this 
cavity or foldingWiffers in various gruinB. 
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I 2nd. That it is a solid body, constituted by layers one upon the other, beginning 
j either within (centripetal), Or without (centrifugal). 

I On the first of these theories the markings upon the surface are produced by the 
■ folding of the cell-wall ; and on the second, by the successive layers of the solid stanch, i 
Lecuwenhoeck, a celebrated microscopist, published certain investigations made i 
by him nearly a centurj and a-haH ago, in which he showed the cellular character 
of starch. Since his era many eminent observers have adopted his views, with 
certain modifications ; and verv recently two, whose experiments wo shall describe, i 
| — viz , M. Martin, t^e librariah of the Imperial Polytechnic Institute at Vienna, j 

! and Mr. Busk, a distinguished e naval surgeon and microscopist. Both these gen- j 
| tlemcn agree in the theory of the constitution of the starch granule — viz., that it is a j 
1 cell, having a cell- wall mu£h larger *than the contents of the cell in the dried state, j 
j and, therefore, puckered and plaited, as indicated by the lines upon the surface. M. ! 
j Martin says, that “the primary form of the starch grain is a spherical or ovate cell. If 
I this be considered as empty, and so contracted that one-half lies in the other half, a ; 

watch-glass-shaped basin is formed, which, after boiling and pressure between two | 
! glasses, appears, in consequence of the delicacy and elasticity of the membrane, as a i 
1 flat, round-edged disc.” Thus, in his opinion, the ovate cell is inrollcd upon itself. 

| Mr. Busk has not satisfied himself in reference to this unfolding of the membrane, ; 
! but thinks that the swelling up of the cell by the addition of strong sulphuric acid j 
| rather indicates the distinction of plaits or folds, and more particularly in such j 
; varieties of starch as have, when dried, a puckered centre, as is exhibited in Figs. 78 /, | 

and 80. As this is a most interesting and undetermined question, and one, more- j 
over, which our intelligent readers who have microscopes may be desirous to investi- | 
gate, wc subjoin the methods adapted by the observers just mentioned. ! 

j In any examination of Btarch it is only necessary to take a pin's point of flour of j 
j jvheat, or of some other grain, or to scrape a very little morsel from the cut surface of ; 

a potato, and in both cases the starch will bo found partly in free grains and partly I 
; inclosed as masses o£ grain within the cellular tissue of the plant. 

! The grains of Tous les Mots (Fig. 78/) arc the largest, and therefore, in many re- j 
j spects, the m^st convenient for examination ; as also those of the horse-chestnut (Fig. j 
' 79), and pea (Fig. 78 i), when it is desired to notice the unfolding of the central j 
j puclfcirings. 

M. Martin’s method was as follows : — “ Between two very thin glasses, of the same : 

; size as the stage of the microscope, a little starch, with a sufficient quantity of water, i 
! is to be put, and the former well spread out with the finger, to prevent, as much as 1 
| possible, tbe formation of bubbles. The number of starch grains in the field of view 
should not exceed ten or fifteen. The glasses should lie freely on the spring-piece, 
w r hieli quist be raised by nlfcans of two pieces of cork, introduced below it, so that 
while the two glasses are lying t ight upon the object- hearer, a current of cold air will ! 
ascend from bcloiy, apd permit the little flame to continue burning in the hole 6f or 
below the sf age. As ‘the glasses ari wide they protect the microscope from too great 
a heat or other danger. The* small flame is to bo obtained from a common thread, 
doubled and slightly waxed. when ignited, gives % flamo quite sufficient to boil 

the starch.” — The object of this experiment is to cause the distension of the cell-wall 
by the introduction within the cell of hot water, and thereby to notice what changes 
take place in the markings upon the surface. * 

Mr. Busk seeks the same end by applying the most powerful of acids — viz., concen- 
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sinks in fnat place where tjic nucleus is situated. On the surface minute fissures j 
appear, two of which almost regularly diverge towards the thicker end of the grain, j 
The grain continues to be depressed inwards until a cavity is formed, which is but- j 
rounded by an elevated edge. In proportion as the grain swells up, this ridge increases 
in ciicumference, and deceases in bresdth ; that is, continues to get flatter, until fissures, j 
mostly, of a ^tar-like form, appear in the hitherto little altered thicker part of the grain, i 
The process is not fory rapidly developed, and it is very difficult for the eyo to follow 
it. Suddenly something is tom the grain is extended lengthways, and in the next 
moment a wrinkled skin of a roiutded, generally oval shape, lies on tho glass.” — Fur- i 
thcr examination shows that they are collapsed bodies, consisting of an extremely fine, 
but strong and clastic, membrane. • ! 

j Mr. Busk obtained a different impression from his experiment. lie considered that j 
j the line upon the surface were simply plaits or foldings, and that the whole process | 
consisted of unfolding these plaits, and, by distending tho cell, to render the cell- j 
wall perfectly plain and free from any markings. In Fig. 79 a, we have tho starch i 
of the horse-chestnut in its unaltered state, and at n is represented a stage of the : 
unfolding which results from the use of the sulphuric acid. Fig. 79 c, n, and n, 
j represent other views of this process, showing that the cell becomes gradual]}’ larger, J 
; until it reaches the great size figured at f. The fringe around the figures c, d, i 
and e he regards as plaits in the process of being unfolded, 
j Figs. 80 a b, have been copied from Schliedeu’s work, and represent the starch 
from the cor'mus or roots of the Arum maculatum 
of our hedges, and of the Colchicum autumnale , in 
which the star-like centre is presumed by Mr. 

Busk to indicate the central folding of the mcm- 
] branc referred to by him. 

I On a review of the whole evidence now offered, 

, we may infer that the starch granule consists of 
j a cell-wall, contracted and plaited when dry, and 
j smooth and distended w'hcn heated with* mois- 
j ture, and also of contents in insufficient quan- 
! tity to fill it, and thereby leaving a central 
j cavity. 

On this principle, it is difficult to conceive 
that tho plaits can retain tho same characters 
iq, tho same plants under all atmospheric condi- 
tions ; and it is proper that wc should state that 

Dr. Allman of Dublin has, during tho present , 

ycai, published an' article in .tho Quarterly rig. SO.— Starch cells copied flora I 

Journal of Microscopic Science, in which, by those of the OUc^TauiumnaU. « 

tnc same processes as \hose above indicated, ho those of the Arum maculatum , both, 

has como to totally opposite conclusions. In his degrecs xhc central 

opinion the statement Of Fritzscho is correct— c > the central cavity well developed in the 
j viz., that tho starch cell is in fact‘a sorics of cells, Btaroh of the IlUB ‘ 

placed within each othor, as exhibited in Fig. 80 a. Ho sums up his opinions in the ! 

following words : — • j 

1st. That tho starch granule consists of a sorics of lamella, in tho form of closed 
hollow cells, included one within the other, the most internal inclosing a minute cavity 
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filled with amorphous (?) starch ; that the concentric strict^ visible in the granule indi t 
cate the surfaces of contact of these lamellae; and that thcso-callcd nucleus of Fritzschc 
corresponds to the central cavity. 

2nd. That while tho^ lamellae appear to bo all identical in chemical constitution, 
yet the internal differ from the external in consistency or other conditions of inte- 
gration. 

3rd. That the order of deposition of the lamellae is centripetal. 

4th. That while the starch granule is thus a lamented vesicle, it cannot be included 
in the category of the truo vegetable coll, from whici* it dffors, iA>t only in the absence 
of a proper nucleus, but in presenting no chemical differentiation between membrane 
and contents. 

So widely do equally eminent observers disagree in their description of the same 
object as seen by tlic same means ! 

Rico (Fig. 78 a) is known by the small size. of its grains, by their angularity, and 
the absence of evident markings. 

Sago starch (Fig. 78 b) is very much larger than that of rice, hut still less than 
that of wheat ; it is rounded, and its surface is rather granular than plaited. 

Wheat starch (Fig. 78 r) occupies a medium position in point of size, and is more 
regularly round than any grain of similar sizo. Its markings arc not so distinct as 
those of tlic potato. 

Fotato starch (Fig. 78 d) is distinguished from wheat starch by its large size 
irregularity of outline, and flattened lenticular figure. The plaitings on its surface are 
very distinct, as is also the Julian around which they are gathered. 

Pea starch (Fig. 78 *) is in size about equal Jo that of wheat; but it differs 
remarkably in its flattened figure and the star-like plaits which invariably occupy its 
centre. 

Tons les mots (Fig. 78 g) is the largest of all known forms of starch, and from its size, 
void figure, and concentric rings, is not unlike a cocoon. It has occasionally two 
hilums or holes, and its markings arc usually very regular. Thii? article enters largely 
into the commerce of the day. » 

The starch grains, found in the Euphorbias (Fig. 82 a) arc very characteristic, and 
arc readily distinguished by their dumb-bell form 

from those of any other plant. The same grains \ 

are seen in Fig. 82 b> floating in the milky juice A r\f~p O 
of the latieifcrous tissue. J/\ f l ( 

Wheaton flour, when adulterated with.infcrior LJ (y (J (V /ltd 

starch, is usually mixed with potato, pea, or rice • Cl f? it/ ; V 

starch, each of which may be distinguished under / [ \\ J I I’i 

the microscope. So also with wheaten bread, if t ^ ^ \-fcl r hi 

tha smallest crumb be broken up in water, and ) f /yOV \ jf 

examined in tho ordinary way. • /{/ f j I'* 

It is not known if the varieties of starch CJ ♦ f J ftl&j 

possess any variation in the degree of their nutri- • t * P' 

tivc properties. It is therefore the quantity of pure Fifc. 82 .— Starch colls in the Euphorbias. 
starch which any substanco can yield, conjoined floating in the milk vessels, 
with tho abundance and case wi*h which the aub- “Xmblu figur^’ 80 " ‘° ** 

stance may be obtained, that gives the market- 
able value. It is also of importance to determine the state of perfection of any 


b f floating in the milk vessels, 
o, greatly mnsniificd, so as to show their 
dumb-bell figure. 
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starch-yiejding plant, since, in reference to fresh vegetables, the quantity of starch 
differs with the season of &o year. Thus in the potato the least proportion of 
starch is found at an early and a later period, and consequently the full-developed 
potato is the most valuable. Moreover, the state of health of a plant is of moment ; 
for in disease the^ secretion of starcji diminishes. 

This has been painfully investigated in connexion 
with the pofato blight ; and it has been shown 
that not only docs the quantity gf starch diminish 
with the advent of the disease, bqt cells of another 
and an injurious nature appear. These new cells 
are of the lowest order* of jgrowth, euch as the 
mushroom, and received the name of the “ potato 
fungus.” 

The diagrams, 83, 84, and 85, represent this con- 
dition ; Fig. 83 showing the potato in a healthy and 
vigorous condition, with the cellular meshwork 
filled with starch granules ; Fig. 84 shows the 
same cells nearly emptied of their contents ; and 
Fig. 85 the diseased cells occupied by the fungus 

growth. The inference to he derived from these facts is, that old potatoes arc not 
valuable, and that the diseased parts should be carefully removed. 



Fig. 83.— Potato in its healthy and 
mature condition. 



Fig. 84.— A slice of a potato, as it appears 
after germination, when it is thoroughly 
withered ; or as produced bytdiseasc, at 
tfie commencement the “potato dis- 
ease.” The cell-wall remains, butftfbarly 
the whole of the starch has been removed. 
A few grains remrin, ns shown at a. 



Fig. 85. — Diseased potato, showing the pre- 
sence of a fungus at 5, and the isoluted grain 
of Btarch at a. 


The ordinary starch of laundresses is oftentimes prepared from potatoes which are not 
fit for the food of man ; but the purest kinds arc obtained from rice. It is prepared oy 
Bimply breaking up the pulp so os to disengage the starch from the cellular meshes ; 
then, by maceration, beat, and motion, to rupture the cell-wall of the granule, and 
to effect the escape of its contents. Laitly, it is filtered, in order to obtain tho starch 
separate from the membranous cell-wall. 
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Raphides. — Another secretion found very abundantly in plants is certain crystal- 
line bodies termed Raphides , from the resemblance of some of them to a needle 
(typhia). The term, however, is not a happy one; since many varieties of these 
ci^stals exist which have no resemblance to a needle. They are not secreted in the 
form in which we sec them, but are deposited /rom tho accretions. They occupy 
both the cavities of the tissues and the passages which lie between the tissues, but 

arc the most abundant in the cells *)f succulent plants. 
They may be observed v^th great case in the stem of the 
common garden rhubarb (Rheum ),* or of the balsam, and 
in the bulbs of the onion, and all bulbous garden plants. In 
the former case they have a squarfi outline, and are isolated 
(Fig. 87), or they are aggregated into separate star-like 
bodies (Fig. 88) ; whilst in the latter they arc usually needle- 
form, and lie in dense bundles (Fig. 86). Their number is so 
great as to impart a grittincss to rhubarb-root when bitten ; 
and tho most so in the finest specimens of Turkey rhubarb. 
Their chemical composition is that of oxalate, phosphate, 
tartrate, malate, or citrate of lime, and in size they 
differ from one-fortieth to one-thousandth of an inch. 
Fhosphate of lime is found abundantly in the bdtocs of 
the animal body, but not in the precise form in which we 
observe it in Raphides . We have no instance of oxalate 
of lime crystals in the body ; but they arc not untre- 
quently met with in thc^ urine of persons, both in apparent 
health and in disease ; so that it has been inferred that 
they have been introduced with the food, 
uses of these substances in the vegetable economy; but 



Fig. 86. — Rhapidcs ; acicular 
or noodle - shaped crystals, 
found in the bu 1 b of the Squill 
{Sc ilia mauril nnica). 

Wc do not know the 


although they render certain plants brittle, it 
is not ascertained that they are the result of any 
diseased action. This brittleness is the best seen 
in some of the large Cactus plants (Fig. 89). 

One which was re- 
moved, after a lapse 
of a thousand years, 
from tho woods of 
South America to the 
Hoyal Gardens at 
Kcw, was wrapped in 
cotton, and packed as 
though it were tho 
most fragile of sub- 



Fig. 88. 

C, a stellate or star-like 
mass of crystals found in 
rSuburb root. 



Fig. $7 .—Raphides found in ifie 
onion ( Allium ). 

A, octohedjal. # B, prismatic. 

• • 

stances. They arc readily scon on microscopic examination, if a thin section of an 
onion be placed in water in tho usual way ; hut as tiey are* found in all parts of a 
plant, from tho rough bark (Fig. 90) to tho delicate tpiral vessels and tho pollen, they 
will be observed in almost every investigation. 

They have been produced artificially, and, so far as may be seen, in a state as 
perfect as those deposited from the vegetable juices. The lato eminent botanist, the 
brother of Professor Quckctt, produced the stcllhte and rhomboihedral forms artificially 
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ip cells, btrt could not produce the needle-shaped crystals. He took a portion of rice- 
paper, and placed it in lime-water under an air-pump, in order to fill the cells with tho 
fluid. The pfper was thon removed and dried, and the process repeated until the cellfc 
were filled. After this tho paper was immersed in weak solutions of oxalic and phos- 
phoric acids, and tho crystals appeared at the end of three days (Fig. 91). This, 
however, iS a mere chemical experiment, and has no relation to vegetable tissue, 



| Fig*. 89. Fig. 90. Fig- 91. 

! Fig. 89. — Raphidcfi. A mass of crystals from the cuticle of a Cactus. . 

! Fig. 90.— Rnphidcs from the bark of the Limk Turns ( Tilia jb'uropira), of considerable breadth and 
| prismatic figure. j 

! Fig. 91.— Crystals of oxalate of lime rapliides, produced artificially in the cells of rice-paper. 

except in so far that a detached morsel of vegetable structure was used as tbe containing 
vessel. 

Oils and Fats. — The most widely distributed of all vegetable secretions, next to 
that of starchg is essential and fatty oil, of various degrees of consistence ; and, with the 
exception just referred to, none has so high a value for economic purposes. 

There are probably few, if any, plants from which some portion of oil cannot bo 
obtained by distillation ; but it is more particularly in the hot climates of India, China, 
New Holland, Africa, South of Europe, and South America, that they attain their 
highest degree of perfection, and arc found in the greatest abundance. The mustard- 
seed, for example, which is grown in our climate, yields oil only in a non -remunerative 
degree ; but in the continent of India, with its burning sun, the produce is of great 
value. So also with tho otto or atar of roses — an exquisite volatile oil,, obtained from 
the rose-leaf growing in Persia, but scarcely perceptible in our northern climate. This 
is doubtless due to thc^ chemical influence of tho sun's rays, by which all vegetable 
secnftions^Become highly elaborated* 

The oil is most commonly found in the seeds, as in tho linseed and rape-seed, of r ur 
climate ; for as the Sce<£is the product'of the plant in its most mature condition, it is 
the most fitted to be a depository of the most mature secretions. It is, however, found 
to a groat extent in tho loaves of plants, as the rose and tho peppermint, and in tho 
wood of a comparatively few trees— for example, the Sassafras and the Sandal- wood. 
The bark is not an unfrequent depository of oil secretions. 

A recent discovery made by Mr, Young, of Scotland, has demonstrated tho wonder- 
ful length of timo during which vegetable oils retain their distinctive characters. Ho 
! has obtained by distillation, at a low reU heat, no less than 20 per cent, in weight of j 

I i 
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oil from cannel coal. When was that oil first formed ? Jhousands of yean ago ; aqd 
yet its quality remains so good that it is now compared with sperm oil. Its non-oxi- 
djziug property renders it peculiarly fitted for the lubrication of machinery. 

As respects tho varigd social purposes to which it is applied, wo may refer to the 
perfumes of Eaude Cologne and Lavender ; the fcnmcnsc qujmtities # of candles angsoap 
which arc manufactured in great part from vegetable fats ; the oiling of "machinery, 
which is carried to so great an extent, that the London and North Western Railway 
Company alone use about 50,000 gallons of oil per y v»r ; tho support of artificial light 
by lamps ; the exhibition of oil for medicinal purples — as thfc castor and cocoa-nut I 
oils ; and tbe employment of oil as an article of diet by the inhabitants of all extreme j 
climates. Thus but few articles of commerce can more jnatlrially influence the well- ; 
being of the community than that under consideration. 

It is also worthy of remark how closely the production of oil links together the 
animal and vegetable kingdoms, not merely in tho general chemical and economic j 
characters of the substance, but in its minuter details. Thus we have the fluid oils, as j 
the olive oil, and the semi-fluid, or such as require a higher temperature than that of ; 
tile ail* in order to render them fluidj and which closely resemble the fat of animals. ; 
There is also vegetable butter, which is largely used in India to adulterate the ghee, or 
animal butter ; and vegetable wax and tallow may, in some sense, rival tlie like produc- j 
tions from tho animal kingdom. There is, however, this remarkablo difference — viz., | 
that the fat of animals and of vegetables, each abound in climates the most opposed to 
each oilier. The vegetable oils and butters are chiefly derived from the I’alm trees of 
the hottest climates ; but the animal oils and fats arc met with in greatest abundance 
where the rigours of a polar clime call for the internal use of such articles of food in ■ 
order to maintain the animal heat. Thus the fat of animals is, for the most part, i 
employed b}' the Laplander as food ; whilst that of vegetables is chiefly used by the ! 
Asiatic and African for external inunction, as a defence from the action of the sun’s j 
rays, and as a perfume, which is more than a luxury in tlie stifling atmosphere of tho 
sunny south. Nature has thus bountifully provided for tho wailfcs of man, and in great ; 
wisdom has selected, as her depositories, that division of vital existences which is the 
most abundant in tlieir respective climates. The inhabitants of temperate regions, as of 
England, find within their own territories only feeble representatives of the product^ of 
the two classes ; and in order to enjoy them they require to collect the animal oils from 
the Tolar Seas, northern forests, and the banks of Newfoundland, and the vegetable \ 
j oils from the neighbourhood of the tropics. Commerce, therefore, is to them a necessity. 

| This branch of trade is as yet in its very infancy, for the Great Exhibition of 1851 
j has shown that a very largo proportion of vegetable oils is unknown to the commerce 
of the world ; and the great clfort which has been of lay) put forth to increase it, has I 
led us to infer that multitudes of vegetable sources yet remain ifn touched. 1 > 

• AVe cannot enter largely into this question, liut shall now proceed to indicate some 
of the more ordinary and useful sources of this "substance. 

Fixed Oils*— Olive Oil is produced from tho Olea Europaa, a shru'Bby tree, culti- 
i vated with great care in Spain and Italy, Syria, and other shores of the Mediterranean 
| Sea. It thrives best in stony ground, and requires a^southern clime, in order to perfect 
j the oil contained in the olive berry. The virgin oil is produced by simple pressure of 
the olives ; but that of tho inferior qualities is such as is drawn off after the virgin oil 
has been removed, and which requires heat and water in order to obtain the full 
* quantity remaining. It is mentioned as an article of food in the Sacred writings ; and 
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in eastern a^id southern clim es is almost indispensable to tho inhabitants, both os food 
and for inunction. It is less’commonly usod in this country than is desirable, since it 
is highly conducive to health. * 

Its chemical composition, per cent., is, carbon, 69*38 ; hydrogen, 13*47 ; nitrogen, 
•058 ; oxygen, 17*092. c 

Palm Oil is on article out recently introduced into commerce, and has the great 
commendatioii of offering* the most effectual means for the suppression of the slave 
trade. It is obtained from the scents of various palms, and more particularly from those 
growing in barbarous abates on ttye western shores of Africa. It is far more con- 
sistent than other oils, and approaches to the condition of ordinary fat; so that it is well 
fitted for the manufacture f • 

of candles, and when mixed 

with sulphur is tho most v 

valuable grease for railway i I ) 

carriage wheels. In the 
countries in which it grows, 

article of food ; and, from its ffiff 
golden colour and consist- ^ 

lationship to palm oil, in- iS l 

asmuch as it, too, is pro- >0 



Fig. 93.— Globules of con- 
crete oil, filling tbc hexa- 
gonal cells of the cocoa- 
nut. 


Fig. 02. — Cocoa-nut Falm (Cocos Xucifcra). 


j It is \ conocytc oil, anils foun & in the cells of the seed of the cocoa-nut before germi- 
I nation. It is likewise obtained by pressure ; and is of great value in tho production pf 
! artificial light. Colonel Jlowcroft has shown to us some very excellent candles, prepared 
! in India, from tn admixtifro of wax and cocoa-nut fat. It is also used not unfrequcntly 
as an article of food, in the form' of butter in India, and of cocoa and chocolate in 
this country, and has recently bcem'ntroduccd as a medicinal agent in the treatment of 
consumption. 

Its chemical constitution is— carbon, &9*G2 ; hydrogen, 12*49 ; nitrogen, *060 ; 
i oxygen, 17*850 per cent. » . 

I Linseed Oil is obtained by pressure, ^vith and without heat, from the seeds of 
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the flax plant (Zinum), grown in the Britislf Islands, America, and the Continents 1 
of Europe, and of India. It is a common article of food to the serfs of Bussio, and 'is j 
regarded as the highest luxury by tho Greenlanders and other inhabitants of polar 
{limes ; but it is chiefly used in the arts. It is prepared by distillation for drying, and ; 
then is fitted for the preparation of paint. A large proportion of this seed is grown in | 
England and Ireland; but it is chiefly imported from Rifesia : rib less tjian 482,813 
quarters out of a total importation of 626,49 5 quarters of the seed having* been deceived 
from that country in tho year 1850. It is considered a profitable crop, and is now 1 
much cultivated in Ireland. Tho pressed seeds frdln which Jhe oil has been partly | 
extracted, constitute the oil-cake, much used in the fattening of cattle. i 

j Rape Oil is in like manner extracted from the rape-seed, which is the product of the 
,Brassica Napus, and other species of tho cabbago genus <W plants. It is considered to be 
better adapted, when purified, for the lubrication of machinery than any other oil ; so 
much so, that 90 to 100 gallons of it are yearly expended upon each locomotive railway 
engine. It is also inferior to few, if any, oils in the production of artificial light in 
lamps. Mr. Brothcrton affirms that tho English grown seed is to be preferred to that 
imported from the Continents of Europe and India ; and so profitable is the crop, that 
an acre of land will yield five quarters at 50s. per quarter, or £12 10s. yearly. It is, 
however, probable that the foreign seed is equally good with the English production, 
and that the inferior quality of the oil may be attributed to its careless and unskilful 
preparation. The importation of rape-seed in 1850 was 29,490 quarters. | 

Turnip- seed Oil (Brassica rapa) is very nearly allied to the rapc-sqcd oil, and is i 
much employed in Egypt. | 

Castor Oil is obtained from the seeds of the Ricinus communis , which grows chiefly 
in the East Indies and the United States of Amcriei. It is much used in medicine, but 
more particularly in the arts, and the manufacture of pomatum. When intended to be ‘ 
used medicinally, it is obtained by pressure without heat, and is then colourless and ! 
tasteless, and will so remain for a lengthened period ; but that which is employed for l 
other purposes is obtained by heat and pressure, after the first pr virgin oil has been I 
removed. This is slightly coloured, and ft as a rancid odour and taste, and conse- ! 
quently realises but a very inferior price. *The seeds do not grow to perfection in our 
climate. Tho importation of tho oil, in 1849, was 9,681 cwts., of which 9,815 cwts. 
were obtained from our Indian possessions alone. 

Cotton Seed (Gossypium) yields a large quantity of oil on pressure ; but, on account 
of the difficulty of removing its colouring and other impure matters it has been hitherto 
but little used. The seeds are very abundant, and as large as orange seeds, and arc 
either wasted or used os manure and for tho fattening of pigs. It is believed that the oil 
would be of great value if purified ; and it could bo obtained in any quantity. The 
seed is chiefly produced in America, Egypt, and India. • Wo hare seen inup^nso quan- 
tities of it rotting around every cotton idantatioiT wo have visited in the Southern 
Sfetes of America. s # 

Tho Indian com (Zea Mays), or maize, in tho State of New "York, hasjbecn found to 
contain a valuable oil. • 

Ground-Nut Oil , obtained from tho seed of the^Arachis hypogaa, is used largely 
in India, Malacca, and Java, both as food and fuel for lamps. It is a clear, pale yel- 
low oil, and constitutes fully one-half the ehtire weight of the seed. 

Toppy Oil is produced from the seeds of file Opium Poppy, or Tapaver somniferum, 

' whotker grown in this or other countries. It js, however, chiefly produced in 
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since there the plant is scientifically aild extensively cultivated by the Honourable East 
Iiidia Confpany for the opiuri which it yields. It has many valuable properties, and 
is a very good substitute for salad oil. 

Mustard Oil is expressed from the seeds of the common mustard plant (Simp is), aftd 
chiefly in the various parts of India. That our English mustard yields oil, is familiar 
to t toe eyes of every houservife who hts kept it in paper, or has mixed it with warm 
water in its preparations for the table. 

Croton Oil possesses powerful medicinal properties, and is procured by pressure from 
the seeds of the Narpaula , and other species of croton . It is prepared in India and 
other eastern countries. 9 

Sesanuun Oil , derived jrom the seeds of the Scsamum orientate, and the Ram-til oil, 
from the seed of the GttisoliS oleiferaf are well known, and greatly valued in India. 
The seed yields from thirty- four to forty-five per cent, of oil. 

Vegetable Butters. — The plants which yield vegetable butters, are (besides the 
palm oil to which we have referred) chiefly the various species of Bassia, all indigenous 
to India and Western Africa. These oils consist of saccharine matter, spirit, and oil, 
and therefore are as well adapted for food as for fuel. j 

The Epic Oil is obtained from the seeds of the Bassia tat (folia, and is common in the ; 
Bengal Presidency. It begins to melt at about 70°. I 

The Ilpa oil is expressed from the seed of the Bassia longifolia in the Madras Presi- 
dency. It is white and solid at ordinary temperatures, and until a heat of 70 ' or 80 1 
! has been produced. It is therefore well fitted for the preparation of both candles and snap, 
j The Bassia butyracea is the plant which yields the purest vegetable butter, and 
! is common on the hill districts in the eastern part of liemaon, and in the Province 
| of Dotce. It is white and solid* at a temperature under 120 3 , and is so abundant 
j and agreeable that the butter from milk is largely adulterated with it. I 

j Shea butter is obtained from another species of Bassia — viz., the Bassia Parkii, in j 
j Bambara (Western Africa), and at Egga, on the banks of the Niger. It melts at 97 \ 
j Kokum butter is obtained from the seeds of a Mangostecn (Garcinia purpurea ), and 
| is not only used largely to adulterate buttfer, but is forwarded to this country to serve 
| the like purposg with genuine bear’s grease. 

j Cacao butter is solid up to 120°, and is the produce of the Theobroma Cacao growing 
J iip Trinidad. 

Crab , or Carapa oil , from British Guiana, is also another kind of butter derived from 
the Carapa yuianensis, but of inferior quality. The natives, in its preparation, boil the 
kernels, leave them in a heap for a few days, then skim them, and at length beat them 
into a paste in a wooden mortar. This paste is then spread on on inclined board, and cx- 
■J posed to the heat of the sun, until the butter bas trickled into a vessel placed to receive it. 
j Vegetable Tallow is procured from the tallow tree of Java, known as the Min yak 
kawon , and from trees, probably of tho genus Bassia , growing in the western countries 
of the Archipelago. i 

Biny tallow is “another variety produced by the Vatcria indica , a fast growing 
plant, common in Malabar and C-anara. It is white and solid, and melts at about 97°* 

Vegetable tallow differs from gil chiefly in the higher temperature required to render 
it liquid, and its solidity at the ordinary heat. 

Vegetable Wax.— Wax is obtaincd*from a variety of trees growing in similarly 
hot climates. r ° J 

Gutta Fodah is a wax of a bright-green colour, obtained from Biliton. 
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Myrtle or Candle-berry wax, Las been mode, without admixture, into candles in 
New Brunswick. A * > 

Wax of very good quality has been obtained from trees growing at Shanghae, in 
Ghina, in Japan, and in St. Domingo ; and in connexion with this it may be mentioned 
tfiat a fungoid growth^ found in decayed branches of our English -trees, has recently 
been shown by Professor Quckctt to so far rcf^mblo wtq, that it is not possible to 
distinguish it by the microscope from tho waxy comb of the wasp’s nest. A „ 

Volatile Oils. — The aromatic and volatile variety of oil is exceedingly extensive, 
and is largely employed in medicine and perfumery, i 
• Amongst the English specimens wc may mcntioi « tho peppermint (Mentha piperita), 
and spear-mint (Mentha viridis), lavender ( Lavandula ), rosemary (Rosmarinus), fennel 
(Meum famiculatum ), thyme (Thymus), from *tho leaves of all of which essential 
aromatic oils are procured. The seeds of tho carraway (Carum earui ), aniseed 
( Pimpinella Anisum), dill (Anethum graveolens ), coriander (Coriandrum sativum), arc 
well known to yield medicinal aromatic oils on distillation. 

It is, however, to hotter climes that we turn for the spices arid perfumes which we 
covet, and especially to the inter-tropical regions. 

The atar of roses is at the head of this series, and is produced in its highest perfection 
in Persia, Turkey, the Raapootana States, and other parts of the great Continent of 
India. The quantity of rose-leaves required to obtain a tea-spoonful of this princely 
i perfume is almost fabulous, and more than accounts for the high price which the oil 
obtains, it is much adulterated, and chiefly with the oil of geranium, or Andropogon, 

The atar of Kcova, derived from tho fragrant flowers of the screw-pihe (Fandanus 
odor at issi mus) i and the jasmine atar , from the Jasminum grandiflorum, and Sambac , 
arc favourite pci-fumes in India. So also with oil of aloes wood, of saffron , and of 
j sandal wood (tantalum album), 

j Orange flowers (Citrus) also yield a most exquisitely scented oil, as may he familiarly 

observed by walking through the orangeries of this country and of France, when Che 
orange tree is in blossom. It is obtained chiefly from Turkey. 

Oil of cloves is obtained from the Caryophyllum aromaticus , in India and the Archi- 
pelago ; and oil of lemons from the rind of the fruit of Citrus Limonum ; and oil of cin- 
namon from the Cinnamomum zeylanicum. 

Oil of bitter almonds (Amygdalus amara) is obtained from the seed, and is highly 
poisonous. It is produced in Asia. 

Cajcpuii oil ( Melaleuca ), from India, with oil derived from the Lcptospermum and tho 
Eucalyptus jnpci’ata, of Western Australia, in addition to the medical properties of the 
first, have the power of dissolving India rubber and various resins, and might therefore 
be used in the manufacture of varnishes. 

There are two other vegetable volatile oils, to whfcih wc yill refer, on account of 
tho favour with which they have long been regarded in India, ancl arc now bemg vi&wed 
injhis country. 

The grass oil is a stimulating aromatic oil, obtained from tW see*d of the Andropogon 
schcmanthus , or Calamus aromaticus ; and the lemon grqss oil, from other species of tho 
same genus. Both ore used to tho skin medicinally, and as valued perfumes. 

The peculiar odour and great durability of Russian leather is attributed to the 
employment, during the process of tinning, of a volatile oil obtained by the distillation 
of birch bark (Betula), Tho oil4ias a brown or black colour, and after it is dried up, 
it leaves upon paper the odour peculiar to Russian leather • 
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Camphor is a substance fitly associated with, oils, since it is a volatile oil in a soli 
state. It *is derived from yarious sources, but the best is .the Bonis camphor, from 
Borneo, the product of the Dryobalanope Camphor a, growing in Sumatra. It is chiefly 
exported to China, where it realises a price one hundred times greater than that Jof 
ordinary camphor. . Its flavour is exceedingly fine. „ 

The Dutch camphor, op that obtained by the Dutch from Japan, is prepared by 
boiling chfp^ of the root and stem with water in an iron vessel, to which an earthen 
head containing straw is adapted. The camphor is volatilized by the heat, and con- 
denses on tho straw. The process is varied somewhat in the preparation of China 
camphor. The chopped branches are steeped in water, and boiled until the camphor 
begins to^dherc to the stick used in stirring the fluid. Tho liquid is then strained, 
and by standing the camphor concretes. It is then sublimed by placing alternate layers 
of finely-powdered dry earth and camphor in a copper basin, with a similar one inverted 
luted upon it, and heat applied, until the camphor passes off, and condenses upon tho 
upper vessel. 

Gums and Kesins. — These two classes of secretions arc distinguished from each 
other by the solubility of gums and insolubility of resins in water, and the solubility of 
resins and insolubility of gums in alcohol. In some instances the substance is partially 
soluble in both menstruums ; in which case it is called a gum-resin. Each of the classes 
is used abundantly in the arts, and in medicine ; and almost every member of them is 
obtained from Asia, Africa, and islands of the Southern Sea. 

The cheapest gum is that obtained from roasted starch , and is used largely in calico- 
printing. 

Gum-arabic, obtained from many species of -Acacia and other genera, is carefully 
collected in Turkey, Egypt, TripoV, and India. It stands at the head of this series in 
the quantity imported ; and amounted to 33,136 cwts. in 1849, from the following 
sources India, 13,687 cwts. ; Egypt, 6,232 cwts. ; America, 6,064 cwts. ; South 
Africa, 4,876 cwts. ; Italy, 664 cwts. ; Gibraltar, 460 cwts. ; Aden, 397 cwts. ; Australia, 
372 cwts. ; France, 212 cwts. ; miscellaneous, 172 cwts. It varies very greatly in 
quality ; and it appcaib that no very great cure is exercised by the collectors in separating 
the inferior from tho better specimens. * 

Of gum-scncgal and the cherry-gum , or Tragacantha (Astragalus guminifera) , &e., from 
Syria* there was on importation of 6,577 cwts. and 314 cwts. respectively, in the same 
year. 

Of the resins and oleo-rcsins, the most abundant arc turpentine and lac, both of which 
arc of essential value in the arts. 


Turpentine is obtained from the fir tribe of plants, and 
chiefly from the Pinus palustris , by making incisions into 
il* and subsequently distilling the exuded secretion. It is 
found in special vessels in the plant, which were dis- 
covered so early as the seventeenth century by the gnat 
vegetable* anatomist Green, and also in blisters under- 
neath the bark (Fig. 94). It is of the utmost value in its 
power of dissolving resins, and in mixing and drying 
painfs. The quantity imported in 1849 was 412,042 cwts., 
Fig. 94. — Resenroirs of secre- nearly the whplo of hich was from tho United States of 

America. - 

The distillation of impure turpentinfe, or turpentine as it is obtained from the tree. 
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is effected through the medium of water, by which the volatile oil passes over and is 
collected, and the rosin with which it is naturally associated is left behind. 9 1 

Tar and pitch are also produced from the fir tribe of plants at the some time that the 
tifrpcntine is collected. The wood is cut into billets, and piled up in a hole made in the 
ground. It is then epvcrcd with turf, or some similar covering, and set on fire. 
During the slow combustion, the tar runs down 'jho wood, a*d is collected in the *daxn 
prepared in the ground for its reception. This tar contains a portion of turpentine, but 
may be made from trees which have ceased to emit turpentine on incision. 

Fitch is obtained when the tar is distilled ; so that an inferior kind of turpentine 
passes over, and the pitch remains. *• 

He sin * results from the distillation of turpentine, or from |^e drying of the#sccrction 
as it exudes from the tree. It is brought to thhf * 

country in large quantities from the United States, — 

Asia Minor, and other parts of Turkey. It is _ 

produced from various species of Abies and Pinus. ^ 

Burgundy pitch and frankincense arc obtained 
from another pine, the Abies ezcelsa of the north 
of Europe, and Canada balsam from the Abies " 

Lac is furnished to this country almost ex- 
dusively by India, and amounted to 14,786 cwts. A ' \ \ 1 a 

in 1849. It is obtained from a great many sources, ! j F^wM | 

but chiefly from the Coccus lacca , and some of the EjjjL 

firs, as the Ficus Indica and Ficus religiosa , or (3 

Banyan tree (Fig. 75). Its varieties aro known * 
by the designations of stick lac , seed lac , orange Raf 

and ruby shell lac 7 lump and buton lac , lac dye , R? 

and white or bleached lac. It is produced by the .Ej 

inj urics inflicted upon the young shoots of various 
trees by an insect, the coccus lacca, which fLfeds jtj 

upon them. It is employed in the manufacture 
of varnishes. Ef 

It is not possible to name even the great mul- K3 

titude of members of this class, and it must suffice « 1 &k 

to mention the sources of the following well- Xrjfc- 

known substances : — 

Assafcctida is the product of the Narthaz assa - r ' mJI 

foetida, in India ; benzoin of the Slyrax benzoin, in * r flf 

Singapore' ; copal from the Hymcncea of Western /) fla 'W-*® 

Africa, Dammara australis of New Zealand, and r , * 
Trct&hylobiym martinianum of South America; 

dragon* s blood from the Dracaena Draco of India; 95.— A you A p Ant of the Dxlacjsiu 

(Iig. 95) ; gamboge, from Siam ; myrrh, from the A specimen in the island of TenerifTe is 

Balamodendron myrrha of Persia, and yellow gum 70 f ' 3e \ and 4 ® feet in cir- 

« . _ - f , ... ’ * conference at the base, and was known 

from the Zanthorhcea hastxhs of New Holland. to be very ancient in the year 1406. 

Av is highly probable that the magnificent *gum trees of the continent of Australia, 
which have hitherto been a great inconvenience to the settler in the clearing of his land, 
will ere long yield gums and resins which will convert them into sources of great wealth. 
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Acids. — Various acids arc yielded by vegetables, chiefly from their fruit, but very 
abundantly from the distillation of their wood. Of the former are citric acid, from tho 
lemon Citrus, the acid juices of the apple (malic acid), pear , gooseberry, and other fruits 
of our own climate, and the oxalic acid from the leaves of the sorrel, or Oxalis Acetosetya. 
All these acids appear to have distinct chemical characters/ and to req uir e distinct 
naufts. A •' • * 

PQroligmous acid, or wood vinegar, is obtained from tho distillation of alm ost all 
kinds of wood, and is capable of perfect purification. It is colourless, abundant, and 
cheap, and has therefore greatly lessened the demand for the coloured vinegar derived 
from the fermentation of beer or ^vinc, and more particularly in the preparation of such 
pickles a&d other substances as would be deteriorated by immersion in coloured fluids, j 
The process is simple — viz., the burning of billets of fast-growing wood, as poplar, in j 
closed iron tubes or kilns, and the separation of the empyrcunmtic oils, and other impure ' 
substances, from the acid. This acid can be obtained in a highly-concentrated state, j 
and is usually sold po that one part is equal in strength to eight of wine vinegar. It is 
thus a convenient as well as necessary article for the use of persons on ship-board, or 
for residents in new countries, where vinegar has not hitherto been made. 

Gallic acid is obtained from gall-nuts, and tannic acid from all sources supplying 
tannin. 

Tannin. — This is the chemical principle which is employed in the tanning of 
leather, and produces its effect by acting upon the gelatine contained in the skin. It ! 
is obtained from a great variety of sources, and not only from the oak bark, as is usually I 
supposed ; although it is probable that the excellence of good oak bark, and the ready j 
supply of it afforded by our own country, will ever give it a preference in the cstirna- ! 
tion of the manufacturer. Notwithstanding the supply of oak bark from our own forests, | 
so large a quantity as 1,200,000 cwts. of tanning materials were imported in 1840 ; but j 
it must be understood that the tanning principle forms but a small portion of the j 
barks and other materials thus imported. The following arc the commercial substances 
which contain tannju in quantity sufficiently large to render them efficient in tho 
tanning of leather : — * 

Oak bark, from various species of Qucrctis, but particularly the Quercus pcdunculata , 
growing in England and the north of Europe. 

, •* €ork-trce bark , from the Qucrctis Subcr , imported from Laruche and Rabat. 

Valonia , from another oak, the Quercus JEgilops, flourishing in the Morea, and tho I 
south of Europe, and Asia. No less than 333,420 cwts. of this substance was imported ! 
in 1849. 

Oak-galls , from the Quercus infcctoria of India and Turkey. 

Terra Japonica, Kutch , and Catechu, extracts from the Acacia Catechu, growing in tho 
E^t Indies. These lubstantjcs contain a very large quantity of tannin. 

Sumach, in powder and in leaves, from Sicily and the south of Europe. It is the 
product of the Rtyts Qoriaria. 

Besidcs#»thc abovfi principal sources may be mentioned Kino, the extract of the 
Buchanania latifolia, of India; IRvi-divi, of the Casalpinia coriaria, from South 
America ; mimosa bark, and b%rk of the black wattle tree, Acacia mollisima ; hemlock 
bark, from the fir, Abies Canadensis, of the United States of America ; the bark of several 
trees growing in New Zealand ; and th& larch bark, Pinus larix, of Scotland. 

Opium. — This highly important ^medicinal substance is procured from the Con- 
tinent of India, and chiefly from thq provinces of Behar, Benares, and other parts of 
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the Bengal and Agra Presidencies, in our East Indian possessions, and tho Independent 
States of Malawa, and others in the south of India. It ’is the produce of the white 
poppy (Papavcr somniferuir), almost exclusively, in our Indian territories ; but in the 
2 (dependant States it is also obtained from the dark-red and other varieties of 

p °p p y- _ 

The poppy-seed is sown in the months of October and November, in shallow beds 

of about seven feet square, and tho plant is thence regularly irrigated throughout the 
season. The capsules (ovaries) arc ready for bleeding^ or patching, as it termed, about 
the end of January, when this process commences, and proceed during the whole of 
the month of February. It is effected by making incitions into the poppy-head at about 
lour o’clock p.m. daily, and allowing tho milky juice to exud&and thicken b/ evapora- 
tion upon the capsule during the night. The next day it fs scraped off, placed in porous 
earthen vessels, and allowed to inspissate further. In this crude state, it is carried to 
the factory, where the drying process is carried on until the opium has attained a cer- 
tain standard of spissitude, when it then retains from 25 to 30 percent, of water. It 
is then made into large round balls, technically termed cakes, each ball being enveloped 
in a case composed of the petals of the poppy, cemented together by means of thin crude 
opium iu lieu of paste. When the balls have become hard they arc ready for the 
market ; forty of them constitute a chest of opium, and weigh about 160 lbs. The 
produce of one agency, that of Patna, in 1853, was 35,000 chests, or about five and 
a-half millions of pounds. 

Tho East Indian Company exercise no control whatever over the growth and pro- 
duction of opium in the Independent States, but impose a tax upon it on its exporta- 
tion to Bombay. In the territories of the Company, however, the government not only 
watches over its production, but arc, in fact, the sole* growers of the drug. Any indivi- 
dual growing opium is bound to deliver it to the government agent at a fixed sum per 
pound ; and upon his undertaking to do so, the government makes advances of money 
from time to time to enable him to prepare the ground, and to plant, irrigate, and 
gather the crop. In this mode a great many thousands of persons become the servants 
of the Company, — not by compulsion, but *from the greater profit attending upon 
this, than upon other agricultural produce. The opium thus delivered to the Com- 
pany is in a crude state, and still requires much attention before it is fitted for the 
market. No fewer than 1,200 persons are engaged in the Company's factory at Mtna 
alone. 

The opium, when packed in chests, is offered to public sale by auction for exporta- 
tion, and is purchased by dealers of all nations, but chiefly with a view to the supply 
of the Chinese market. The profit made upon this one Indian production is the most 
important clement in the income of the East Indian Company. 

[We arc indebted for the above account to Colonel Itofccroft smd Dr. JanwCorlyf; 
both distinguished officers of the E. I. C. Dr. Corbet for some years held an appoint- 
ment at the Patna opium factory, in the province of Bekar]. 9 . 

Sugar. — Sugar is not exclusively a vegetable production, sfnec it is &und abun- 
dantly in honey and in milk, both of which arc natural animal products, and in the blood 
and excretions in certain instances of disease. It is, Jiowevci* chiefly obtained from 
vegetables, and always so when it is separated from all other substances and nu yfo 
marketable. • 

Vegetables yield it largely in \hcir fruits, a£ those of the grape an A apple; and 
many in their sap ; but as an article of commerqp it is obtained from three sources : 
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t^e sugar-fane ( Saecharinum officinale ), beet-root ( Beta vulgaris), and the sugar-maple 
( Acer saecharinum ). 

Beet-root alone can be grown in our climate, but not as a remunerative crop for the 
production of sugar. It is, however, 
largely cultivated in France, Belgium, 

Austria, and Prussia ; since those coun- 
tries have no colonics whence they can 
derive cane sugar. % 

The sugar-maple ii also a £ce of 
somewhat northern latitudes, and one of 
great value to the new settler in Canada 
and the United States, since it not only 
yields the sugar which he so much needs, 
and which in his distant and solitary 
habitation ho could scarcely otherwise 
obtain, but is valuable as wood also. 

The sugar is readily obtained by boring 
holes in the tree, so as to permit the juice 
to exude, and then causing evaporation 
of the latter by exposure to the air or by 
heat. 

The quality of sugar derived from 
the fruits of plants, and also from the 
beet and the sugar-maple, is much infe- 
rior in sweetening powers to that ob- 
tained from the next source — the sugar- 
cane. 

The sugar-cane is a member of a 
family which abounds in sugar, and 
grows readily in low alluvial lands of 
all southern climes, and especially in 
the countries bordering upon, or lying 
within, the tropics. Such are the states 
bounding the Lower Mississippi, up to 
about 33° of N. latitude; the West 
Indian Islands; the East Indies; the 9C — Tn * Sugar-cane {Saecharinum officinale). 

Mauritius, and parts of China. The cultivation requires a large capital and the 
employment of a great number of hands ; so that, with the exception of the Indian 
cTop, it i? the product of sla$c labour. The plants are set at regular intervals, and 
grow luxuriantly with a single stalk and large waving leaves (Fig. 96), to the height 
of ten or twelve fret: so that a sugar plantation, with its well-cultivated fields, large 
red boiling-house, planter's mansion, and village of negro huts, is a picturesque scene. 
It is also a busy scene during the period of cultivation, but more partic ular ly at that 
of boiling, when the process is not stayed night or day until it is finished. Wo have 
inspected many, and have been struck with the air of richness and wealth which 
usually pervades them. * ( 

Wliea the plant is mature it is cut down near to the root, and carried in wagon loads 
to the boiling-house, where it is crushed between powerful rollers, impelled by steam. 
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I until the juice has been thoroughly extracted. The juice, mixed with qtpcklime, ip 
then transferred to large boilers, where it is evaporated, and afterwards set aside to 
crystallize. The larger portion of the sugar is thus separated from the fluids in which 
it •was secreted; but a considerable quantity remains uncrystallizcd in the mother- 
liquor, and constitutes file molasses so abundantly used in those climates as food^ and 
for the distillation of rum. The colour of the sugar is more or less brown, and is 
purified cither in this country or in the country of its production, lay filtration 
through animal charcoal. Bullock's blood was formerly used for this purpose. The 
coloured uncrystallized liquor which then remains is {he treaelciof commerce. 

We may mention that, as a curiosity, some cane sugar was made from sugar-cane 
grown in this country, and exhibited at the Gr^at Exhibition of 1851. 

• Good specimens of gtape sugar were forwarded to the Great Exhibition from Tunis 
and the Zollverein States. Palm sugars have hitherto been mere curiosities, but they 
have been made from the date palm of the Deccan, the Gomutus palm ( Arenga sacchari - 
/era) of Java, the Nipapalm stem, and the flower of the Bassia fetifolia, and might, 
doubtlcs, be procured from all palms yielding refreshing and fermenting juices. 

Colouring Principles. — The colours presented by plants are exceedingly varied, 
and all alike depend upon the presence of colouring principles in the cells of colourless 
tissue. 

There are eight principal colours recognised in vegetables— viz., white, gray, brown, 
yellow, green, blue, red, and black; and each of these has many distinct shades. 

Of these shades of colour, nine have been associated with white : pure, •snow, ivory, 
chalk, and milk white ; with silvery, whitish, turning white, and whitened. 

A similar number is also attributed to gray, and are designated ash, lead, slate, and 
pearl gray ; 6inoky, hoary, and rather hoary, and mouse-coloured. 

Twelve have been computed in connexion with brown ; viz., brown, chestnut, deep 
and bright brown, rusty, red, brown, rufous and cinnamon-coloured, with lurid, sooty, 
and liver-coloured. 

Yellow has twenty shades ; thus, lemon, ^yellow, golden, pal.!, leather, waxy, and 
Isabella yellow ; sulphur, straw, ocre, orange; apricot and saffron-coloured ; testaceous, 

| tawny, and livid. 

j There arc seven varieties of green, of the shades of olive, grass, sea, yellowish, 
j apple, meadow, and leek. 

| Bed has seventeen shades : carmine, rosy, purple, sanguine, scarlet, cumaba, Vermil- 
lion, coppery, brick, flame-coloured, &c. ; whilst its compound blue has but seven^-vtz., 
Prussian, blue, indigo, lavender, violet, lilac, and sky blue ; and black has four : pure, 
ooal, raven, and pitch black. 

Thus as many as eighty-six different shades of colour have been determined to 
exist in plants ; but only two chemical colouring principles have*bccn discovfcfcd — *tz , 
chlojophyl and chromulc. 

Chlorophyl is so called from its imparting a green colour tt plants ; that is, that 
kind of green which is universally met with in all plants growing in the flight. It is 
distributed to the tissues themselves, but more particularly to the surface of the starch 
cells, which are abundant in all green plants. 

Chromulo is the general term for the colouring principle of all other colours, 
although they may bo so closely approximated that adjoining cells may have totally 
different colours. • 

• Dyes. — Another highly important series of -vegetable secretions arc such colouring 
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matters &Srarc capable of being used as dyes of textile fabrics. Those are very varied, 
and arc also chiefly found in southern countries. This scries comprehends nearly all 
the known dyes, since but few (as the cochineal insect) belong either to the animal, or 
mineral kingdom. The chief substances are * 

fydigo, of which no le^s a quantity than 70,482 cwts. wore imported in 1850. It is 
the product of the leaves of the Indigofera tinctoria, and I, anil, growing in the low 
districts of India and South America. It is a fast dye, if in the process of dyeing it 
be first deoxidized, but otherwise it is not permanent. It yields the Indigo colour, 
and also a green when* mixed wilji yellow. 

Madder is one of the most useful and common dyes, and is derived from the root of 
the Rubia tinctoria, Tts floniQ is Naples, France, and the North of Europe. 2,9S5 tons 
were imported for this purpose in 18-50. It forms one of the most permanent dves, and 
constitutes the Turkey red dye, so celebrated for its brilliancy. Garaneine is the red 
principle of madder, obtained by the action of sulphuric acid. 2,985 tons of this sub- 
stance were imported from Franco in 1850. 

Logwood is the wood of the ILvmatoxglon campechiamnn, found in the Bays of Cam- 
peachy, and Honduras, in Central America. Its value is sufficiently great to cause the 
right cutting it to be the subject of a treaty between this country and the States in 
which it grows. Its colour is red, but black when precipitated with iron, purple with 
tin and alum, and brown with copper. 3,500 tons wore imported in 1850. 

Brazil wood , from the Ccesalpina braziliemis , is one of the largest importations of 
dye woods. -3,120 tons were imported in 1850. 

Amongst the remaining dyes are alkanct root , from the Anchusa tinctoria , grown in 
Asia and the North of Europe; Nut-galls, an excrescence on an oak, the Quercus infccturia, 
in Turkey ; Safflower , produced in Southern Asia, Egypt, and the Levant, from the 
dried flowers of the Carthnmus tinctoria ; Annatto , a South American orange-colouring 
matter, from the seed of the Bixa orcllana ; Turmeric , from the root of a cucumber, the 
Circuma longa of India ; Peach wood, or Nicaragua wood , of the C(rsa7pina, from South 
America; Rustic, the*' wood of the Rhus pot inus of Cuba; Camwood, from the Baphil 
nitida of Sierra Leone; Quercitron harh of South America, from another oak, the 
Quercus tinctoria; the alder bark of this country, from the A bins glutinom ; Catechu , 
ap extract of the wood of the Indian Acacia Catechu ; red sunders, from the Pterocaipus 
santalinus of India ; the Persian berries, from the Rhamntts inf color ia of the Levant ; 
and many others of less note. 

It; is worthy of remark, that the lowly-organised Cryptogamic cellular plants, or 
lichens, afford colouring matters in groat abundance, under the designations of Orchall 
and Cudbear, The following are the chief : Ramalnia furfuracca , from Angola ; 
Roccclla fucifonnis , from Mauritius, Madagascar, Lima, and Valparaiso ; Roccclla tinctoria, 
frofii thc^Capedc Verd Islands ; ParmeHa per lata , from the Canaries ; with the Parmclia 
tartarca , Umbilicavia pustulate , and Ggrophora murina, of Sweden. 

« i 

We hav6* purposely avoided the chemical questions which naturally arise when 
considering the interesting and 1 important vegetable products which have been passed 
in review ; but we cannot omit to state here, that, although the widely-distributed 
substances — starch, sugar, and gum — are apparently so very diverse in their external 
characters and general properties, they fiave very ck>so chemical relation. Indeed, so 
closely are they associated that they are daily and hourly converted in the living 
plants, the one into the other, in the arder in which wo have placed them — viz. 9 starch 
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sugar, gum. In the early stages of development, the major product is starch ; hut, ap 
maturity approaches, this is gradually changed to sugar ; and to gum when the period 
of 4 docay ensues, or the starch at once passes into the state of gum. So in the malting 
of^barley : the object there is to convert the starch into sugar ; but if the process of 
germination be carried a* little too far, the sugar begins to disappear^ and is supplanted 
by gum. The prolonged cookery of any farinaceous substance has always this ten- 
dency ; so that biscuits not unfrequently contain a portion of gum, difficult hf digestion, 
with the starch which is capable of ready conversion ijito the material of the blood. 

Silica. — The last secretion to which we shall nowrefer, is or** of peculiar interest— 
vis., silica, or flint. This is a mineral substance; and, apart from vegetable structures, 
is so indestructible that the strongest chemical a$id is required for its solution* and yet 
it lias structures so delicate that a stem of wheat can dissolve it with facility. It is not 
pretended that vegetables have the power of producing flint, but only that they are 
enabled to dissolve it in their juices, when water and other fluids alone cannot dissolve 
it. This power seems to reside at the extremities of the rootlets^ for it is impossible 
that flint could be taken into their delicate tissues until it has been dissolved. The 
sources of silica or flint, arc — 

1. The sand which is so largely met with in almost all kinds of soil, and which has 
the further valuable property of permitting the rain to percolate to the roots of the 
plant. Its composition is chiefly that of silica, os may bo familiarly inferred from its 
essential presence in the manufacture of glass. 

2. Frton the flint nodules which arc found in the chalk formations, and which 
themselves are the productions of long-buried sponges, mosses, and minute animalcules. 

3. From the skeletons of animalcules which 

still remain in the soil. These skeletons are com- 

posed of flint, as may be proved from their non- i 

solubility in boiliug nitric acid (Fig. 97}. So 

numerous are they that Richmond, in Virginia, jpS J fgj 

United States, is built upon a stratum eighteen fj§| S/ 

feet deep, and upwards of thirty miles in length ; a ggf 

stratum representing an innumerable number of c A fejj 

animalcules, when it is borne in mind that each &$$$$& 

animalcule is almost too small to be seen by the 

naked eye. Similar deposits also exist in the old 

world. 

These skeletons arc also found in other posi- 
tions. Thus guano, a substance consisting of the 
excrements of birds, contains vast numbers, 

chiefly of threo genera, Actinocyclu s, GallioneUa ' 8j€ll |gi| 

(Fi^ 97), and Coscinodiscus . A powdery sub- 

stance is known in Germany as Berg Mehl , or » • 

mountain meal, which is chiefly composed of Fig. 97.— Silicious skeleton^of tlieDm/o- 
them. This is the produce of the strata through 

which the mountain torrents run, and is brought lo+iscus ch/peus , both found in guana, 
down by the waters . I rom its resemblance^ to the silicious soil in Virginia, U. S. 

flour, it is used in certain localities as an article of diet. 

4. From tlie remains of plants in the form oi manure or otherwise, which contain 
silica ; as, for cxaini>lc, the wheat straw. 


mm 
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Fig'* 98. — Silicious cuticle from the husk 
of the wheat (Trifictrm), showing cups 
for the insertion of hairs, and also 
spiral vessels. 


, The parts of plants in which tho silica is chiefly found, are the external layers 
of the cuticle, as in the shining straws of our com fields, and the canes and 
bamboos of hotter climates ; and certain rough straws, as that of the Equisetum 

hyemale , which is so rough as to bo used in the 
polishing of metals. II is also found in the 
interior of the joints of certain bamboos, and 
then is termed tabasheer, and from its rarity com- 
mands a high price. It is also found in the hard 
grains themselves, as of wheat and oats, and more 
particularly of the rice; from which cause the 
Coribs, the Malays, the South Australians, and 
other savage nations have their teeth ground down 
by the trituration of the uncooked grain. 

The layer is exceedingly thin, but yet it is 
one of pure flint, as may be proved by its non- 
solubility in boiling nitric acid. It overlays the 
vegetable tissue, and 
assumes its form, 
and therefore varies 
greatly in appear- 
ance, according to the object examined. 

In Fig. C6 we have an illustration of its appearance 
in the common wheat. From this silex the flinty hairs 
of the oat are formed ; and it is well known that animals 
living much on oats are liable to intestinal accumu- 
lations of these indigestible hairs ; and in a lesser degree 
men eating oatmeal are liable to a like inconvenience. 

The common meadow grass (Fcstuca pratensis , Fig. 

100), presents a silicious coating of considerable beauty. 

The most beautiful examples are the Equisetum 
Hyemale, the Pharus Cristatus (Fig. 101), the common rice ( Oryza sativa ), and the 
stellate hairs of the Deutzia scabra (Fig. 102). 

It must bo clearly understood that this substance constitutes no part of vegetable 

structure, neither does 
it assume any form of 
organization, its solo 
and most important 
duty being to give 
strength to the slender 
stem, and to protect 
the delicate tissues 
from atmospheric in- 
fluences. 

That the quantity 
required to supply the 
wants of a field of coin 
is vary considerable, 
may be proved from the following table ; and the more 
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Fig. 101. — Silica in square and star- 
like masses on the leaf of a foreign 
grass, the Pharus cristatus . 




«Of *•' 

Fig. 100. — Cups of Silica on the 
chaff or palcso of the common 
meadow grass [Festuca pra- 
tensis.) 


Fig. 102. — Sinous cells and stellate 
flinty hairs* on the leaf of the 
JJentsia scabra • 
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bo, when it is remembered that the layer is so thin that it cannot be removed without 
detaching also a portion of the vegetable tissue. 

Proportion of Silica , or jffint, in 1000 parts of the ashes left after burning the following 

vegetable substantes. j $ 

Oat straw 
Barley . 

Wheat . 

Indian corn 
Oak leaves 
Ferns . 

Pea straw 
Potato tops 
Heath . 

Beans 
Bean straw 
Cabbage 
Buck wheat 

This subject has an important bearing upon the rotation of crops, for it is manifest 
] that if successive crops of com, and especially of oats, be obtained from the same land, 

! there must be an enormous expenditure of this necessary article ; but that* r much less 

quantity suffices, if potatoes, pease, beans, or cabbage be given as intermediate crops. 

I So, also, with regard to manures. It is clear that a jnanure must not only contain the 

carbon which forms the straw, and the salts which are always found with it, but there 
! must bo a constant and abundant supply of silica. This is effected by using com, and 

| especially oat straw, as manure, and also by the use of guano, which contains a large 

j per ccntagc of silicious skeletons. 

THE ORGANS OP PLANTS. 

i 

! Having now considered, in such detail as our space has permitted, the various ele- 
mentary tissues which have been discovered in vegetables, and the juices and secretions 
which they contain, we proceed to describe the parts or organs which are formed by 
their combination. Such arc the leaves, flowers, and fruit, and the structures which 
support them. 

Tho»modcs in which we might proceed are numerous, and partly arbitrary, varying 
with the fancy of each author ; for no one arrangement of the organs of plants is found 
in Nature which is acknowledged by all investigators to be more natural "Chan any 
othoa. 

The nearest approach to Nature will bo found in proceeding ^either centripctally or 
ccntrifugdly : that is, cither first to describe the seed, and thence pass to the centre of 
the stem, through the fruit, flowers, leaves, and other ’appendages to the stem; or to 
commence at the stem and roots, and then clothe theseftorgans with leaves, flowers, and 
fruit, in the order which nature has selected. Of these two we prefer the latter 
> course, and shall proceed to describe the stem, with its root, and the various organs j 
supported by them. ~ j 
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The Stem, — In all dowering plants the stein proceeds from tho seed and that part 
6f it termed the plumule ; whilst, at the same time, the root is develojicd from another 
port of the same seed — viz., the radicle. These two newly-formed organs thence assume 
diverse directions, the root passing downwards to fix the plant firmly to the earth, and 
to abstract nutriment from the ground ; whilst the stem usually emerges from tho soil, 
and grows in a pbrpendidular direction, so as to bear the leaves and other organs of 
growth and reproduction from the ground, and expose them freely to tho action of the 
light, air, and moisture. The point in the seed whence the stem and root diverge is 
known as the collum neck (Fig. 100 l>), and even in trees which attain to a consider- 
able size this line remains more fir less distinct. 

WhcSi the seed has begun to germinate, and the growing points just referred to have 
lengthened, the other parts <Tf the scecf — viz., the cotyledons, or seed-leaves, enlarge, and 
take on the function of nutrition by converting the starch contained within them into 
sugar. At length, by their elongation, they emerge from the soil, and appear as two 

opposite roundish leaves, which are capable of absorbing 
oxygen irom the air, and fixing carbon within the tissues 
which are then in process of formation. At this stage, 
then, we find a root, stem, collum , and seed-leaves , all of 
which are represented in Fig. 103. 

Tho current of sap having been set in motion by tho 
action of the cotyledons, orsccd-lcaves,the latter disappears, 
and the plumule, or young stem, continues to elongate 
rapidly, and until it arrives at the point whence its first 
leaf is to issue, is technically termed a node . At this point 
the ^tem swells, and the structures of which it is composed 
are bent out of their former direction, and, in part, enter 
within the structure of the newly-developed leaf. Tho 
stem may now fairly take on tho term of ascending axis , 
w hich is usually given to it, since it has begun to develop 
the organs \yhich arc subsequently to be arranged around 
it as their centre. It has also received a variety of other 
names, which it may be useful to mention — viz., tlie cau- 
dex intermedins and asccndcns, tr uncus or tr uncus as - 
cendens , with culmus and stipes. All these have a similar 
signification. „ 

The growth is not arrested by tho development of a 
node and leaf, but proceeds for a certain period, until ano- 
ther leaf and node are formed ; and so on progressively 
tmtil the period of growth has passed away. We liavo 
then a scries of nodes and spaces between them, -which 



Fig. 103.— Exhibiting the parts 
of a plant soon after the com- 
mencement of germination. 
c, the cotyledons, or seed- 
leaves, which have appeared 
,-^ove thg eround. « 

*«i, the plumula, or growing 
point of the stem, elongated 

n* (or 8P“es arc termed internodes. A stem may tlma be said to 
' j pin t of consist of a number of nodes, with tbeir intemodcs. 

Nodes. — Theso arc well seen in all grasses, as tho 
ordinary grass of this country ; with wheat, oats, and other 
grasses ; and more particularly in the bamboos and canes 
of southern blirncs. It ^s there found as a distinct bulging 
around tic stem, of a bard and rounded character, and oftentimes bending tho stem 
from the perpendicular direction. In* wooded plants, or trees, in general, it is less per- 


r&ther connecting) the _ 
the plant above it, the ascend- 
ing axis, from the part b«low 
it* the descending axis. 

d, the radicle, with the root- 
lets proceeding from it. 
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ceptible, since the small swelling at the base of the single leaf which is there developed, 

bears but little proportion to the size of the trunk of the* 
tree. 

The essential difference in structure between anode 
and an intemode is, that the bundles of wood arc com- 
pressed and turned a^ldc in the former, fio as to^enter fho 
leaf, and thus a slight interruption to the course of the 
general circulation ensues ; whilst, in the intemode, the 
bundles of woody iibre pass # pcrpcndicylarly, and lie parallel 
to each other. In some i® stances, as in the grasses with 
hollow stems above mentioned, this compression ^)r con- 
traction of parts is so great, tlnft a septum is formed across 
the stem, dividing it into 
two or more cavities. This 
may readily be seen on 
making a perpendicular sec- 
tion of a stalk of wheat, or 
of the bamboo, and with the 
septum of the latter may 
sometimes bo found tho 
flinty deposit before men- 
tioned, under tho term of 
tabassheer. They arc then 
said to be closed, in opposi- 
tion to tho pervious or opfen 
condition, found when the 
pith passes through it. 

When tho node surrounds 
the stem, as in the grasses 
and the hemlock, jj is desig- 
nated as entire ; and when otherwise, as in trees, it is 
termed divided . 

As the essential element of a node is a new (lispositrOTf 
of tho woody and other tissues, to meet tho require- 
ments of a leaf, it is manifest that wherever a node 
exists thcro must be, or have been, a leaf, perfectly 
or incompletely developed. In many instances the grow- 
ing process ends after the formation of a node and before 
the entire development of a lcftf; and •then will b^iormejr-* 
a leaf-bud, immediately above the base of a leaf. When 
such leaf-bud is evident, tho node ^ tgrmed compound , 
and when otherwise it is called simple . m 

So far this account may suffice for both hcrbacoous and woodj stems, but it is need- 
ful hero to interrupt our description, and consider licrl^ceous and woody stems sepa- 
rately. This results from the great difference which is observed in the structure, as 
well as in the degreo of delicacy of organization of the tw’o kinds of stems. 

Stems of Herbaceous Plants* — Herbaceous plants are, for tlio most part, 
annuals — that is, such as are produced and die in tjic same season. It is, therefore, not 



Fig. 105. — Diagram, showing at 
a a the nodes, with bundles of 
woody fibre passing from their 
parallel course in the stem to 
enter thef leaf hud or the foot 
stalk of a leaf. 


Fig. 104.— A stem of the family 
of grasses, showing at a a 
the enlargements indicating 
the existence of nodes. 

Tlic interval between the 
two notes is termed an inter - 
node. 
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necessary that they should possess the rudeness and strength of texture which appro- 
priately belong to plants that have to combat the power of tho elements through a 
long series of years. 

The stem, for the most part, is small, seldom attaining to a greater diameter than 
one and a-half inch ; and, with the exception of twining plhnts, and such grasses as 
the bamboo, do riot exceed six feet in height. Tho structure is delicate, being composed 
of cellular 'tissue of a somewhat loose kind, with bundles of woody fibre running at 
intervals from the root upwardg. They are thus but ill-fitted to resist the influence of 
strong winds, or th<* destructive propensities of animals. There are, however, some 
circumstances which tend to increase their strength. Such arc — first, the cylindrical 
form of \hc stem ; secondly, the hollowness of the stem ; and, thirdly, the indosurc of the 
stem by a tough cuticle or fiark, and, in some instances, a further layer of silica or flint. 
That the cylindrical form is stronger than any other is well known ; but it may not be 
so commonly understood that a hollow cylinder, with moderately thick walls, is 
stronger than a solid rod of the same material. Thus that vacuity, which at first sight 
is indicative of weakness, is really fitted to impart increased strength. The cause of 
the hollowness is the more rapid development of the perpendicular than the horizontal 
layers of the stem. 

The stem of an herbaceous plant thus consists of three parts a central pith, which 
is frequently wanting ; an external envelope or skin ; and an internal mass of cellular 
tissue and woody fibre. The pith is composed of cellular tissue, of the hexagonal or 
octagonal form. The woody fibre of the stem is not found in even layers, but in bun- 
dles lying detached from each other, as may be readily seen by tearing a stem across, 
when the bundles of tough fibres will be stretched, and project somewhat from the 
broken surface. It may also be' seen through the cuticle of the common parsley, in 
ribs passing in parallel lines from the root upwards into the leaves. Each bundle is 
usually inclosed in a mass of cellular tissue, to which it gives firmness. 

Cuticle. — The cuticle of herbs is an interesting structure, and the seat of a large 
part of the respiratien and digestion which proceeds in those plants. It consists of two 
layers — an epidermis or scarf-skin, an<* a true skin, with certain appendages — viz., 
stomata, hairs, prickles, warts, and reservoirs of secretions. 

The Epidermis is a layer of inspissated organic mucus, which sometimes may be 
reauily detached from the cuticle, 
as in the common box-leaf, but 
at others requires maceration in 
water for some time before its exist- 
ence can be demonstrated. It 
covers all the external surface of 
'"04(5 plaatf,, except the stomafa and 
the free end of the stigma, and it 
even forms a covering. for the hairs. 

Mohl considers it to be a secretion Fig 106 - Showin £ ^verV^ion' 

poured out from tho external to- b, outer layer of the cuticle, compoNed of compressed cells, 
face of the cells, the walls of *he <*’ a subjacent layer of larger cells, with vucuities, or pareiu 
„ chymatous structure, underneath, 

cells themselves being at the same c t canals of climatcr passing through the cuticle to the air 
time thickened by internal depo- cavities above. 

sits. It is not a cellular structure, although, when removed from the surface of the 
cuticle, it has a cellular outline ; but is a simple layer, with markings corresponding to 
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the cell-walls oyer which it is placed. Hartig lias divided it into three lasers — an ^ 
internal, an external, and an intermediate layer ; but such is not the experience of 
other observers. Its use is to protect the delicate structures lying beneath it, and is 
analogous to the scarf-skin which protects the skin of man. 

The True Cuticle is composed of one or more layers of cells, the outer one being 
much flattened (Fig. 106 a). The cells are mostly of hexagonal figure and w # avy out- 
line. Some anatomists have denied the cellular nature of this structure, on the grounds 
that the cells are not demonstrable, and that the skin may readily be peeled from the 
subjacent tissue ; but this theory is not usually admitted! 

Moreover, in the cactuses and orchids, and also in the 2V*- 
rium Oleander, there are several layers of cuticular cejls, the 
whole of which maybe demonstrated (Figs. 106 d, and 110). 

Whenever any shred of cutis is removed from the stem 
of a herb, some portions of woody fibre are removed with 
it, so that it may be questioned if woody tissue is not a 
component of the skin ; but it is perhaps more correct to 
associate tlic wood with the structures immediately be- 
neath the skin rather than with the cellular skin itself. 

Stomata (Fig. 107) are mouths by which respiration 
and exhalation are carried on in vegetables. They con- 
stitute openings into and channels through the epidermis, 
and lead into cavities beneath (Fig. 108, A). Their 
structure is somewhat complicated, since, for the most 
part, there arc a scries of rounded cells bounding the opening, with two larger kidney- 
shaped cells in the centre, pressing 
closely against each other when the 
stomatc is closed, and cemented to the 
surrounding cells by something in the 
nature of a hinge, which permits 
them to rise and fall with consider- 
able force (Fig. 108, Cl*). In the 
centre of the stomate there is a raised 
line when it is closed, and a slit wlxEff 
it is open (Fig. 108, C r) ; and through 
this opening an entrance is effected to 
the cavity beneath (Fig. 108, A e). 
•This cavity varies in figure and form ; 
but it is always surrounded by cells, 
which communicate freely with other cells of the cpidcrmfe (Fig. *108, A). Ii*s thqy-’ 
that air and moisture, having entered by the stomata, act not only in the cavity beneath 
that ofgan, but in the surrounding open cellular not- work of the leaves or cuticle. 

Such is a general description of the stomata; and before entering further into 
detail we will request our readers to verify the above account by an examination of 
these structures. Take a very thin slice from the under surface of a leaf or flower of any 
plant, as of the lily (Fig. 109, A), the Zea Mays (Fig. 109, B), or the common geranium ; 
or strip a thin piece of the cuticle t of a herb, as of the parsley, and place it in water 
between two pieces of glass, and examine it with the microscope. First examine tho 
outpr surface, on which may be seen the cells and sslit referred to, and\then turn over 


A sc 



Tig. 108. 


I A, stomata of the Iris, a a, green cells bounding the 
! orifice, ft ft, cells of the parenchyma. c t air chamber. 
D, the same as seen from above, a a, cells of the stoma. 
c, opening between them. 

C, stoma of the apple leaf, a , cells of the stomate. ft ft, 
cells of the cuticle, r, opening of the stoma. 



Fig. 107. — Exhibiting a front 
view of four stomata at a , im- 
bedded in hexagonal cellular 
tissue. 
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the object, and carefully notice the cavity into which the slit is directed. The minute 
* and regular arrangement of the various parts of each stoma te, and of all the stomata on 



Fig. 109.— View of ordinary stomata, as seen between the veins of the leaf of the Lily, A, or, Zka 
. Mays, 11, both endogenous plants, and of an exogenous plant at C. 

Their regularity in figure and position, and the uniformly oval outline, will be observed. 


the cuticle, will excite admiration ; and the more so when, on examining a variety of 
plants, the little organ is found very variously figured. 

The general outline of the stomatc is commonly circular or oval ; but m the flax 
plant, the Agave Americana (Fig. 61), and a somewhat similar one, the Yucca gloriosa , 
it is quadrangular. In Marchantia they resemble funnels, and are composed of several 
cells arranged in tiers, and forming tubes, which perforate the epidermis, and terminate 
in the cavity beneath. In the oleander {Ncrium Oleander) the cells have disappeared, 
and the cavity is simply protected by hairs. This may readily be seen, if a portion 
of the leaf be placed under the microscope, as above directed. The Myrodcndron, 
pimctulatum , growing on trees in the antarctic regions, has a remarkable modification 
of the stomata. Dr. Hooker states that the st ornate expands on both sides into a kind 
of cup — a condition which results from the hour-glass construction which is met with at 
| the aperture. 

But whatever m*ay be the figure of the organ it is so uniform in the same species 
that certain ^otanists, as Brown, arc of opinion that they might be made a basis of clas- 
sification. This, however, would be very difficult, on account of their minute size 
! find the necessity for the constant use of the microscope ; and further, from the fact 
i that a few plants present more than one form of stomatc. Thus, in the Kejnnthes 
or pitcher plant, there arc two forms of stomata, one being semi-transparent and 
nearly colourless, of an oblong figure, and with pellucid globules within the cells 
whilst the other is roundish, red, and more opaque, and rests not over a' cavity, but 
upon a gland. 

It is proper to state tha^ certain observers of eminence have denied the accuracy of 
~tfee abttffc statement, as to the construction of stomata, and have affirmed that they do 
not lead into a subjacent cavity, and consequently have no opening at the slit. •Some 
German anatom!sts* # havo affirmed that the supposed opening is simply a thinner 
translucent portion of the membrane, and that the slit is the thickened border of this 
space. Brown believed them to be usually imperforate, and to be formed by an opuque 
and sometimes coloured membrane. Such, however, is not the opinion commonly 
entertained ; and we may confidently appeal to tho investigations of our readers to 
refute it. 

Stomata are not found upon all pl&nts, the exceptions being such as arc submersed 
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Fig. 110. 



Fig. 111. 


Fig. 110. — A side view of the modified stomata of the Nerium Oleander, and of a Banhbia, In 
which they arc seen clustered together at the bottom of a pit, a , the entrance of which is defended 
by hairs, 

Fig. 111.— A front view of the same organ. 


the under surface of such leaves as present one surface to the soil (Fig. 106), hut on both 
surfaces equally, if the edges only be directed vertically. They are also met with on 
the cuticle of stems, on flowers, and even on the seeds of a few plants, and on their 
cotyledons. * 

The number of 3tomata found upon a moderate-sized leaf is sometimes prodigious, 
amounting in some instances to 160,000 on each square inch of surface. Thomson 
gives the following enumeration, which shows not only the total number but the 
relative quantity on the two surfaces of the leaf;— 

Oil each square inch 
of upper side, and of under side. 


Alisma Plantago (Water plantain) 12,000 

Coboca scandens none. 

Dianthus Caryophyllus (Pink) 38,500 

Daphne Mczcrcum (Mczercum) none. 

Hypericum Grandiflorum (St. John’s Wort) . . . none. 

Ilex (Holly) none. 

Iris Gcrmaniea (Iris) 11,572 

Olca Europoca (Olive) nolle. 

Pceonia (Pseony) none. 

Pyrfis (Pear) none. 

Itumcx Acetosa (common Sorrel) 11,088 

Tussilago Farfara (Coltsfoot) *1,200 

Yitis vinifera (Vine) jione. 

Viscum album (Mistletoe) 200 

Syringa vulgaris ^ none. 


6,000 

20 , 000 ' 

38.500 
4,000 

47,800 

63.600 
11,572 
5^600 
13,790 

24.000 

20.000 

12.500 

13.600 
200 

160,000 


Of 28 plants in this table which had been examined, 15, or more than half, had no 
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stomata on the upper surface ; 6 had fewer stomata on the upper than on the under 
lurface ; and 5 had an equal number on both surfaces, — leaving only two instances in 
which the number was greater on the upper than on the under surface of the leaf. 

The number and position of the stomata must have an immediate reference to thoir 
function. It is commonly understood, as has already been intimated, that the function 
is that of admitting airland moistrarc to promote the digestion of the crude sap 
which had been brought to the leaves, and that for this purpose they are endowed with 
the faculty of opening and closing according to the momentary requirements of the 
plant. This -will explain the necessity for their conformation. As to their position, 
that seems to be due to several ccuscs. First, that by being placed on the under surface 
they are^shaded from tfye direct action of tho sun’s rays, and are thus permitted to 
carry on their functions without bciifg impeded by too great a degree of evaporation. 
Secondly, they are also more sheltered from the injurious deposition of dust. Thirdly, the 
exhalation of moisture from the ground is in the form of vapour, which, from its specific 
gravity, rises, and thus reaches and enters the under surface more certainly than tho 
upper surface. It is not presumed that in any case water enters the stomates as such, 
but only in the state of vapour ; for although plants are refreshed after a shower, it docs 
not follow that the rain was bodily introduced within them ; and it seems inconceivable 
that bodies of so minute a size should at the same time be fitted for the admission of i 
gases, and of fluids of such density as water. | 

There are those, however, who maintain that such is not the function of the ! 
stomata, but that they arc in the nature of glands. Link says that he cannot find a 
distinct connexion between the stomata and the subjacent cavities in the cellular 
tissue of the leaves. Moreover, he cannot understand how organs of so distinct a j 
structure should only lead to men 2 cavities in the cellular structure; and the obstructing 
and covering matters which they produce have always led him to consider them as j 
organs of secretion. Brown also affirms that they are rather of the nature of glands ; ! 

but there cannot be a doubt that in the vast majority of instances this view is incorrect. 

It is true that in a few instances the stomata are modified both in figure and in function 
to perform the office of glands. Such io the case in the Dion® a Muscipula, or Venus’ ; 
fly-trap (Fig. 1), in •which the stomata are reduced each to a pair of parallel green j 
cells, which are placed upon the surface of the leaf, and secrete a tenacious mucus ; but 
e.--:h are exceptional cases. 

It would he interesting if we could determine with certainty the precise mode in 
which these beautiful organs are formed ; but such seems hitherto to have been a hopeless 
task. Mohl sought to determine it by examining the different parts of a growing 
hyacinth, in the expectation that the parts of the leaf, which arc successively developed 
from above downwards, would have stomata of various degrees of perfection. Ho j 
~oticcd that in thee lower q>art of tho leaves, or that most recently developed, small i 
quadrangular cells, with a slit of about equal diameter either way, were placed between * 
the layers of the epidermis. These sometimes contained a granular substance, trhich, f 
higher up in the leaf, became a compact mass. At the some period a partition was j 
formed in the middle of the, cell, at first slightly, but subsequently more strongly j 
marked, and at length*unfolded, so that the simple cell became divided, and a stomatc was [ 
formed. After this the surrounding cells enlarged, and the central slit increased at a still | 
greater rate. All this and the subsequent completion of the stomate may be observed by 1 
any of our readers who may have a tolerable microscope, and will obtain by practice 
a certain delicacy in cutting minute^ itructures. 
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Hairs are minute, semi-transparent, transparent, or opaque thread-like ^processes j 
attached to the cuticle by one 

extremity, and remaining free i \ H 

at Jhc other (Fig. *112). They t | I ■* 

are always of a cellular charao ^ V \ \ | jl # 

ter, the cells, if more than one, jW M \\\ ll it , fT 

being larger and more numcr- A W % \AA Jiff U 

ous at the bottom, and then /v | | /} ft 

piled one upon the other, and // I 'Ka I \ jj fj 

laid in one or more rows, until /< ijl j \ yJ // J 

the apex is attained, with its | ► j»] * (\ l \// j 

single elongated, rounded, or I * Ijj \ / 

pointed cell. The figure and Xl I | j J 4 /) 

minute anatomical characters jr \3 I nil a // ) 

vary considerably, so that the CC j ft- \ • fj // p 

above general description may 'll j ml \ J Js/ J 

require modification when ap- ^ if % • [I f 

plied to individual instances. a ^ (7 ( 

Thus the hairs of certain plants 'c ^ d c 

are attached by their middle, „ _ _ . , , 

,, l xi ' I** a i i IK. 112. — Variously formed Ilairs. a, a gland, surmounted by 
and have both ends tree, feueil a hair. A, a hair with an enlarged and secreting free extre- 
are those of ImligoJcra y Cap - in itv. r, <•, simple hairs with pointed extremities. rf, branched 

sella , and Astragalus asper ; but 

in order to bring those within the definition above-mentioned, it is customary to assert 
that it is not otic single hair attached by its middle, but two hairs springing from the 
opposite sides of an elevated cell. Such, doubtless, is the correct 
explanation of hairs which assume a stellate or star-like form, and 
which are really clusters of hairs attached each by one extremity. /■/'// 

This variety is met with readily on the leaves of the Mallows, in ||ifl 
which, with the assistance of a small hand magnifier, the stars may yM \a{\ 

be perceived. The most beautiful illustration, however, is that of Vwlft f 
tlie hairs of the Deutzia scab r a and corymbosa (Fig. 102), and the ^ iM A i|\rk\ 
TAwagnns, which, as has already bed* demonstrated, arc coated with \\m * 

a layer of silica or Hint. They are very resplendent when viewed 
with the light thrown upon, and not through them— that is, as 
opaque “bjccts, and may aptly be compared to the jewelled star of / j ra Rvrtw/I 
the Most Noble Order of the Garter. . H jMl vilfE 

Certain hairs are bent at the points of articulation of the cells, 
whilst others have their points only thus distorted. This latter 
variety is seen familiarly in the common teasel (Jhpsacus), and has v q] M i 
been msed with much sagacity by cloth-workers, for the purposed Sip. 113.— A prickle 
raising the nap of tho cloth! The extremity is hooked, and by that 
means adheres to an object with great pertinacity, as stay one jnay sacus fulhnum), 
prove by placing the fruit of the teasel in his hair (Fig.,1 13). CppmmewlKrt 

Another and very interesting modification is that in which the kent cell, thick- 
hair consists of a single cell, but having an clastic spiral fibre coiled and* 1 embrac^at 
up within it. Such hairs are almost imperceptible, so long as they the bane by a maw 
j remain dry ; but elongate and expand, sometimes* with a crackling mi^ceUs, CP * 
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^ sound, on their immersion in water. They arc found in the common mustard ( Sinapis ), 
which any one may examine after immersion for three hours, and have the form of an 
elongated cell, terminated by a bell-shaped expansion. In the seed-covering of the 
Collomia grandiflora and common sage (Salvia), each hair is simply an elongated cep of 
even diameter, terminated by a rounded obtuse end, and With a single coiled elastic 
fibre proceeding from the base to tlfc apex. This is an interesting object, but requires 
♦considerable dexterity and quickness to see it with advantage. Slice the smallest portion 
of the outside of the common si^e, and place it dry between two glasses under the micro- 
scope. No hairs will* then be perceived ; but if, whilst it is so placed, and the eye is upon 
it, a drop of water be insinuate?? between the glasses, until it touch the seed, there will 
instantfy start out scores of long fibrp-ccllular hairs ; and as the complete development 
occupies a perceptible interval of time, the eye may readily traco the process of elonga- 
tion. When the change has been entirely effected, the object has no longer a defined 
smooth border, but is bounded all round by thread-like projecting points. A similar 
•structure has been* disco vered in the hairs of the seed of Acanthodium, but with this 
difference, that two or three spiral fibres have been traced in one cell ; and in some 
instances the fibres are broken up into numerous rings. This is doubtless a beautiful 
object. 

All tbe foregoing varieties of hairs may be termed single, but there are others which 
may fitly be designated as compound. Such are toothed hairs, in which there are short 
^cellular projections on both sides of the hair ; and branched hairs When the teeth arc 
greatly elongated (Fig. 112 d). In a few instances this development is carried yet fur- 
ther, and the branches themselves are y* 

toothed, and the hair is said to be plumose. 

In others, the branches are restricted to 

•one side of the hair, when the latter is \ \ 

termed one-sided . 

But perhaps the most interesting cir- \ 

-cumstance in connexion with the anatomy 

of hairs, is, that in some plants, ns the x '% — 7 

Sago-palm ( Cycas revoluta — Fig. 114 ), the ^ 

cuticle of the hair can be unrolled spirally. ^. 7 \ Bi 

Professor Quckett has described this upon 

the fruit of that plant, and has delineated — portions of hair from the fruit of the 

t in Fig. 114 . Sago-palm [Cyras rvrolut a, % oxlubitiiwr a hpirai 

m -ii i • disposition of the membrane. • 

The foregoing remarks have exclusive. 

reference to one great division of hairs— viz., the Lymphatic, or such os bear innocuous 
fluids ; but there is another large division which have a different conformation, and 
.e^ntahi juices of highly acritl and poisonous properties. The sting of the nettle ( Urtica) 
is a familiar and painful illustration, but the hairs of the leaves of certain tropical 
plants are yet better examples. Those contain juices so poisonous, that if thc°hand 
grasp a leaf, it speedily inflames and swells, and so disturbs the whole system, that life 
is endangered. Suchjs the 'Jatropha when growing in our hot-houses even, and is 
handled only with the protection of a pair of thick leathern gloves. Moreover, if any 
part of the body he placed under this tree during a shower of rain, the poison which 
is washed from the plant by the water would, iq like manner, cause very serious 
♦disease. * 

The anatomical difference between the lymphatic and secretive variety of hairs is, that 
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in the latter there is a bulging at the free end (Fig. 112,3), or immediately below, 
the hard sharp-pointed apex (Fig. 112, e), which co mmunicates with 
the other cells of the hair, or at the base of the hair, and con tains a 
poisonous juice. Whenever such a hair is seized the sharp point 
enters the skin, and the find breaks off immediately below thq point, * 
and the contained fluid is emitted with a great impetus into the 
wound produced by the puncture. The juice in the perfect hm> jg 
maintained at a high state of tension, so that it may bc # cmittcd with 
violence, after the fashion of the poison in the poison-fangs of the 
serpent. 

It will be inferred, from these remarks, that thore must be a circu- 
lation of the sap in all kinds of hairs. Such is the case ; and the 
circulation proceeds in currents from the base to the apex of the leaf 
and back again (Fig. 115, B). It may be seen proceeding under the 
microscope in tlifc Tradcscantia virgin ica, and appears to proceed 
between an internal and an external wall of tissue. At a certain 
period, a cytoblast (page 9) may be detected, and then the current 
appears to proceed from and return to it. 

When the hair has emitted its contents it 
shrivels, and in some instances (Fig. 116) 
retracts like the parts o£ a pockct-tclescopc. 

Hairs are not found upon roots, nor upon 
any part of the plant which is buried in the 
ground or covered by water ; and whenever 
they appear on one side of a leaf only, it is, witli 
few exceptions, on the under side. When a 
portion only of any surface is covered by 
them, it is uniformly the ribs or veins. They 
arc sometimes found within the cells of water 
plants, as of the white and yellow water-lilies, 

Xymphtea alba and Nttphar Ittfeum. Their 
functions appear to be that of promoting 
perspiration and of absorbing moisture, inde- 
pendently of that of secreting fluids. 

Hairy surfaces have received various 
names, according to the nature of the hairs which cover them, as rough, silky, arachnoid 
(resembing a cobweb), stellate , bearded . The hairs themselves arc also variously desig- 
nated ; thus, stings when they emit an acrid juice, and glandular hairs when the end is 
tipped with a fluid exudation (Fig. J12 3). Hooks, barbs, bristles, Aid velvet aiw-ternS 
which explain themselves. Cilia are long and sparse hairs, arranged in a row on the 
margiif, as in the horse-lcek, Sempervivum tectorum. Hairiness exp^ssos a form of hair 
of a rather long and soft character, as seen in the common hemp nettle ( Galeopsis 
tetrahit) ; pilosity, when the hairs are longer and more crfict, os yi the carrot {Daucus 
carota) ; and villous, when very long, straight, erect, wd soft, as in the Epilobium. 1 
The term totnentum expresses a mass of hairs entangled and closely pressed to 
the skin, as in the Geranium rotund ifotium. The longest hairs arc probably 
those which envelop the cotton seed (Gossyp\um, Fig. 62, B), and constitute 
the^cotton of commerce. They arc also very l$ng on seeds of the cotton tree. 




Fig. 115.— Stinging Hairs. 

A, 1, club-shaped hair, billed with the poison- 
• ous secretions of Stinking Hellebore 

(Ilellcborus ftrtidm). 2, a similar 
haii, which has discharged its contents 
and then collapsed. 

B, pointed one-celled hair of the Wigantua 
Urkns, filled with poison. The dotted 
lines show the current of the circulation, 
and the arrows its direction. 
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in tlic willows of our own country. On ferns they arc scattered, long, brown, j 
and entangled. j 



Fig. 136. Fig. 117. 


' Fig. 116. — Two hairs from the style of a Campanula, showing in a the circulation proceeding, and 
in b emptied of its contents. The latter is not only collapsed, but reti%cted within itself. 

Fig. 117. — Representing the mode of growth of hairs from a single epidermal cell ; a, club-shaped ; 
b , pointed. Both from the Evening Primrose (/Enotiikaa). 

' I 

i i 

The development of hairs appears to be usually a very simple process, being none | 
other than the inordinate growth of a cell of the cuticle on its free surface. Such is 
figured by Schleiden (Fig. 11 7). 

| Prickle 8 are hard, unyielding processes, with an acute and usually slightly curved i 

! extremity, well fitted to hold and tear any object which may be carried against them. ! 

They are very con|fnon in the rose (Ho* a), and bramble ( Rubus ), in which plants they 
| are the growth of a single year. In other p 1 ants, as th a Xanthoxylum juglandifolium, | 
! they are tlic result of two or three years* growth. They are essentially allied to hairs, i 
; since they are cellular prolongations of the cuticle, but differ greatly from them in j 
i their far greater development, the rudeness of their texture, and the functions which j 
* they perform. They have also a less real but a greater apparent resemblance to spines, 
as of the sloe tree {Prunus spinosa), inasmuch as both are large and rude, and sharply | 

pointed ; but there is this essential dissimilarity-- vis., that tlic spine is a prolongation j 

of the wood of the tree (in other words, an abortive branch), whilst the latter is simply I 

w-r 'nnge ted with the euticlc cr the epiphlceum of the bark of herbaceous shrubs. Their I 

i use is not well known ; but they arc not depositories or secretions, neither have they | 
! any independent circulation. They are well adapted to enable the long and aLender j 
j branch to support itself by attachment to stronger plants, and also (if we may apply | 
j such an expression to a mere vegetable), to enable it to defend itself from the attacks of J 
! animals. They may be detached from the cutis by the force of the thumb and finger, 
j Scurf has been regarded as a production analogous to hairs, inasmuch as it is a 
j cellular structure and is a process from the cutis. There, however, the analogy ends,. ! 
\ and it fails in the most essential point— vis., a similarity in function. It consists of | 
I scales of various forms and sizes, adhering to the cutis by the whole or only a part of j 

■ •* i 
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the surface ; and when by a part only, it is the central portion ; and the edges become* 
irregular in outline and crenatc. This latter peculiarity has induced a belief in the 
mind of an acute observer, Dr. Willshire, that the crcnate scale in the Adelia and the 
JEl*eagnu8 marks a transition from the simple scale to the beautiful stellate hairs of 
which we have just spolfcn, p. 65. Scurf is conynonly met # with implants, and gijsres 
a spotted or leprous appearance to the cutis, as may be seen in the pine apple* # 
Ramenta are thin scales abundantly found on the backs of the leaves of ferns 
(Jilices) , and on the young shoots of many plants, if hey are slightly foliaccous in 

their appearance, and not unlike the leaves of some mosses ; but thfty want the structure, 
the position, and the. leaf- buds of true leaves. Their function, as well as that scurf, ; 
is unknown. ! 

. Glands. — We have now to consider a series of organs about which there has been j 
much controversy — one party regarding them as reservoirs of secretions and true secreting 
organs ; and another (represented by M. Schleidcn), doubting if such organs can be 
found in vegetables. M. Schleiden writes : “I have already remarked that I can 
connect no precise and definite idea with the term gland, as referred to a plant. No 
attentive observer can avoid seeing how different is life in different cells, whether they 
are found in different plants or in the same plant, or near each other. It appears to 
me quite foolish to denominate that cell or that group of cells which contains different 
. matter from its neighbours a gland or organ for secretions ; for there arc many plants , 

1 and parts of plants which would then consist only of glands. It is ridiculous to call a 
cell containing volatile oil a gland, and to refuse the name to one that contains red or 
! yellow colouring matter ; and should we call the last glands, then almost all petals 
would consist only of glands. The epidermis would be sometimes an epidermis, but 
sometimes a. glandular surface, and with many single cells we should have to admit 
they are partially glands and partially not so.*' 

The force of this reasoning will be perceived when we remember that all cells have 
contents, and that these contents have been secreted or produced within the same cell. 
Each cell is therefore both a secreting and a # containing organ. • Again, there is no 
; anatomical structure in vegetables which is peculiar to these organs called glands, as 
I distinct from mere ordinary cells of cellular tissue. In animals, on the contrary, there 
is in most instances a special glandular structure, and beyond this there is a scries of 
cells called epithelium, to which is confided the duty of producing the larger part of 
the secretions of the body. ^ These latter offer the nearest points of analogy to the 
glandular structures of vegetables. 

Rut whilst admitting that there is a difficulty in defining a gland, there cannot be a 
doubt as to the existence of certain small hardened masses of cells, which perform the 
office of glands. Thus the nectarium, on the claw of the petal of the common Ranunculus, 
secretes a sweet honcy-liko substance, and is a true gland. So, also,vnth the glandsfltuati 
5 beneath the cuticle, also the base of the pitchers of the Nepenthes and other pitcher 
plants? These pitchers contain a considerable quantity of water, mot from having col- 
\ lected it from the air, but from the action of the glands referred to. In the latter 
instance there is a broad line of distinction between sucll bodies or glands and that of 
| an ordinary secreting cell ; for whilst in the latter cascvthc secreted matter is retained 
within the cell, and the quantity corresponds with the size of the cell, in the former ; 
the secretion is altogether emitted from the gland, and its quantity is infinitely greater 
than the size of the organ which produced it. *Tho subject is, however, involved in ■ 
great obscurity, and it is probable that ere long st will be necessary to exclude such 
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i cellular organs as the lenticular glands of the willow', and to include such reservoirs as j 
. ""the vitttc or receptacles of the volatile oils of plants. i 

| Glands are sessile or sitting when resting immediately upon the cutis, as may he j 
seen near the base of the ovary or seed-vessel of such pod-bearing plants as the Cri’.ci- 
. ferae. They arc also found upon the calyx of some campanulas, and upon the petiole 
or' foot-stalk of the loaves of the fyeach, the cassias, and the passion ilower. Their 
fomis, colour, and appearance arc very various, and of many it may be doubted if they 
arc true glands. 

Stalked glands (Fig. 118), are such as arc elevated from the cuticle by something 
in the nature of a hair, and ar simple if they consist of one or perhaps more cells and 
have a ktalknf but one* conduit, and compound where there are several cells and several 
i conduits. Tliis division oV glands has been termed indifferently stalked glands nr 
j glandular hairs. They are common in the rose and brambles, the Hypericums, the iiue, 

! the Tatropha, the Snapdragon ( Antirrhinum ), the Lysimachis, the Drosera or sun-dew, 

: and many other plants. In the sun-dew the hair of the leaf has an internal fibre, anti is 
j therefore a fibre cell ; and the gland head consists of several layers of cells, the outer 
| ones being small and cuticular, whilst the inner ones are long and columnar, and some- 
times contain a spinal fibre. 

Before proceeding to a consideration of the stems of wooded plants we will direct 
attention to two modifications which are met with, not exclusively, but chiefly, in 
herbaceous plants — viz., first an enlargement of that part which is under ground, and , 
j which lies between the roots or rootlets below, and the true stem* above ; and secondly, ; 

j such stems as take a horizontal rather than a perpendicular course above ground. These ! 

■ are termed respectively subterranean and aerial stems. ; 

i Subterranean stems, as the potato, onion, and turnip, include almost all the recep- ! 
j taclea of starch, except seeds, provided for the use of man. There can be no doubt as 
I to their analogies, seeing that they do not possess the anatomical and physio- 
j logical properties of roots, and do, notwithstanding their deformity, resemble steins. 

| They arc commonly- arranged under four heads — the bulb, conn, tuber, and creeping | 
i stem. j 

1 The creeping stem (sobolcs), unlike the others is unimportant as an article of food, but 
| yet is of great value from the property which 

it has of insinuating itself rapidly amongst ! 
the sandy particles of loose soils, and binding i 
them together. It may thus lay the foundation : 
of hills of sand which shall suffice to resist the 
encroachments of the sea. Jt is represented by 
the couch grass (Trifle urn repens), the bane of | 
farmers, not only from the property above \ 
mentioned, but from the rapidity with which it 
_ , multiplies itself whenever the stem is broken 

. ... by the farmers* efforts to clear tho land. 

Fig. 118. — The underground idem of the J 

potuto (Soiamim tuberosum), vith its The tuber or potato is an irregularly ovoid | 

tuber, a, containing stai ch, nnd murkc j (i enlargement of the stem, having upon its surface j 
by arrowing points connected together v n , _ . ’ . J * _ , J 

by small bundles of fibre, b . & number of growing points, familiarly termed 


eyes. The tubers of the same plant are all con- j 
ncctcd together and to the parent stem by I 
singlo bands of small diameter, consisting chiefly of woody fibre for the purposes of the j 
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circulation of the plant. The precise mode in Which the tuber enlarges is unknown; 
but it is quite clear that it must be freely supplied with circulating juiced from the* 
stem. This is effected by the woody fibre, and bundles of it ramify within the tuber, 
an/ pass to each growing point. 

The structure of the tuber is very simple, being only a large mass of cells containing 
starch, inclosed in a layer of condensed cells or Cuticle. The woody fibre and oilier 
structures bear no proportion whatever to the cellular tissue, and are not*readilJr de- 
tached. The cellular character is at once evident by placing a very thin slice of it under 
the microscope, when a number of straight lines will b£ observed forming cells of much 
regularity, and inclosing a large number of starch cell# (Fig. 83 j! The starch may be 
demonstrated by the addition of a watery solution of iodine whilst the section Is under 
examination, when a beautiful violet colour will fie instantly produced. 

This form of stem is also found in arrow-root, and has a more regular figure in the 
asparagus potato. 

The Conn, as in the crocus, colchicum, 
and arum (Fig. 119), is a rounded, Attcned, 
solid organ, bearing a bud upon its point or 
at its side, and leaves from its upper part. 

It is a compressed stem, and is restricted to 
monocotyledonous plants, and intervenes 
between the true roots and the reproductive 
buds. It usually contains much starch, 
accompanied by an acrid poisonous secretion, 
which militates against its employment as 
an article of food. • 

The bulb , as of the onion and lily, is ‘also 
an underground stem, or a stem in the. rudimentnrj T state of a 
leaf-bud. It is a flesh y, conical body, with scales surro undin g 



Fig. U9. — The Cor- 
w ms of the Aicum 
Macvi.atum, con- 
taining starch. 



<T. # 


Fig. 120.— A tuni- 
cated bulb, with 
stem and roots. 


Fig. 121. 

A, naked bulb of Lily, showing its lateral stem and foliaceous covering. 

B, section of a bulb, showing it A growing point at a. 
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A growing point, and emitting roots from its base, and thus theoretically resembles tho 
leaf-bud of an aerial stem. It reproduces itself by developing buds, or cloves, at tho 

base of its leaves or scales, 
which buds grow at the coc- 
pense'of the parent plant, and 
, r at length destroy it. There arc 
V 41 two kinds, according to the 

\g\/k arrangement of the leaves : 

First, the tunica ted (Fig. 120), 
* > v^\\ when they more or less sur- 

round the whole orgau, and 

^ t cohere in a membranous sheet 

^ ssu0 ‘ Such is the ease 
' M " * in the onion (allium). Secondly, 

ifT/c^S ‘ r(\ the naked, when the scales are 

Fig. 122.— The Runnkr, emitting i^ts and leaves at intervals, smaller and more fleshy, and 

are imbricated in rows one 
above another, as in the tulip. Both of these forms contain much starch (Fig. 121), 
and also many raphides (Fig. 87). 

They are not so exclusively com- Tk. 

posed of cellular tissue as was 

noticed in the structure of the 

tuber ; but also contain vascular 

Aerial Stems are o£ five kinds, * 

stimi.whichaitoatcait^lf amtinf^ ^ ^ 

and adheres to other plants for Tip* 1-3. — The Gingku plant ( Zingiber officinale ), with 
support. It docs not give off its rhteomc. fro.n w hicl, the leaves und flower, sprm S . 

roots along its course. 

The Runner , on the other hand, is fllso a creeping stem ; but it emits a bundle ol‘ 
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roots and leaves at intervals, and, in fact, form^ new plants (Fig. 122). Suck is the 
Strawberry {Frag aria). • • 

The Offset , as in ike House-leek {Semper victim * 

tgtprum)) is a short branch terminated by a cluster XiM 

of leaves, and capable* of independent existence 

after separation from the parent plant. • 

The Rootstock , nr rhizome, is a thickened root- ^ 

ing stem, as in the Ginger (Fig. 123), and Iris, 
which produce young branches or plants yearly. * ^ jjV 

The Tscudo -bulbs of orchadaecous plants (Fig. * wfjjMr \ 

124) very closely resemble tubers, except that they • ft 

retain the marks of leaves vrfiicli they once bofe. Rg ,% 4 ._ The tllbcrs or , lscudo . bulbl!> 

They exist above ground, and contain amorphous of the Scioku orchis. 

starch. 

Wooded Stems. — Having now offered such remarks on herbaceous stems (dis- 
tinguished from woody stems) as seemed to be required by their greater delicacy, we 

proceed to describe woody 
stems and their appendages. 
When treating of the mo- 
difications of herbaceous 
stems (page 59), we inti- 
mated that such changes 
also affected woody stems, 
but in a lessor degree, and 
shall therefore not again re- 
fer to them under this head. 

There are, however, a few 
preliminary remarks which 
are necessary as to the; 
general conformation of the 
tree before we enter upon 
an examination of llie in- 
ternal structure. 

The general divisions of 
a stem are called branches 
{rami) y and the arrangement 
of them as a whole is termed 
corona , a head, as that of 
* a forest tree. (Fj^s. J»2<~« 
12C>.) When they pro- 
ceed from either side of the 
stem, and then pass from the 

• base to the apex of the tree, 

Fi». 12i.— Thu Bkkcu Turk ( Fninis), showing tin- corona, or Ucud, it a caulis ereun ens . 

ul forest trees. # 

but when the stems break 

up into a mass of branches, it is known ns ft caulis drliqucscens. Incompletely. grown 
shoots are termed innovations , anfl ramuli ", or twigs, when very young. If llie shoot is 
long and flexible, it is called a vimen ; and whey, it proceeds from the stem at nearly a 


• 

— Till! Df.kcu Turk (Far, -us), showing tin* corona, or head, 
uf forest trees. • 
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light angle, it is called braehiate . This arrangement of the branches is further used 
to distinguish trees, shrubs, and herbs. A tree (arbor) is composed of a trunk supporting j 
perennial branches ; and, when small, it i3 called arbusculus. A shrub differs from a j 
tree in there being no central stem or trunk, but the branches proceed directly flrlgn j 
the earth. This is called frutex , fruticulus when small, and dvmosus when low. The i 
undershrub (suffnttex) ha& the same arrangement of branches ; but it approaches | 
| ncaref to the herb, since it wholly or partially dies annually. It has, however, j 
! wooded branches, and not merely, or chiefly, cellular ones. The stem of a forest tree, and j 
of any other which has not its growth terminated by a flower-bud, or any other organic ! 
cause, is said to be indeterminate ? and determinate when otherwise. : 



J 1 Fig. 126,-o-ltcprcBSnting a variety of tree*, all of exogenous growth. 


The science of Botany is rich in descriptive terms ; and although they may bo ! 
disagreeable to a student, arc very welcome to the botanist who would intelligibly J 
describe a jdant. We must therefore counsel our readers not to pass them hastily by, j 
but to read them attentively, and, if possible, commit them to memory. j 

Wooded Stems arc divided int'u two great and well-defined classes, according to their j 
internal conformation — vi s., such as grow from without (exogenous), and such as enlarge 
from within (endogenous). The former are more common in cold, and the latter in hot 
climates. There are, however, the following points of resemblance : — Each has a 
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cellular basis through which the bundles of wobd pass, and each is inclosed by a cuticle 
or bark (endogens arc said to have no bark). The cellular system is horizontal. ahd 
constitutes the woof of tho structure ; wiiilst the yascular and woody system is longi- 
tudinal, and correspondstto the warp. 

Exogenous Sterna. — On examining a section of the stem of an oak, or any other 
of our forest trees (Fig. 127), we observe the ibllowing pdrts — fir$t, the pith, a y t>r ita 
remains, in the centre ; secondly, the 
bark, d, on the outside ; thirdly, a mass 
of wood, b 7 between the two, broken 
up into portions by the concentric 
deposition of its layers, and by a 
series of lines or rays, r, which pass 
from the centre to the circumference*. 

Thus there arc always pith, hark, 
wood, and medullary rays (Fig. 127). 

It has already been mentioned that 

each stem has two systems, the cellu- Pier, 127. 

lar and the vascular ; and the parts ^ transverse, and B perpendicular section of an exo- 
just mentioned must belong to one genous stem, showing parts of which it is composed. 

J , « , rnt i «. central pith ; b % four layers of woody fibre ; r, the 

or other Oi those systems, llius the cambium in the spring ; rf, the bark ; e, the medullary 

pith, medullary rays, and hark belong ra - VR - • 

to the horizontal or cellular system, and the wood, with its associated ducts, constitutes 

the longitudinal or vascular system. 

This division of stems comprehends nearly every wooded plant of our climate. 

The Tith occupies the centre of the stem (Fig. 148, a), and remains throughout the 

period of growth of some trees, as of the elder 
(Sambucus nig t M)y or is absorbed after a few years, 
as in the oak and almost all large trees. In the 
latter class of plants there # arc some remains of 
the pith for many years after the process of ab- 
sorption has commenced ; but at length no vestige 
can be detected, and its position is known only 
by the central spot around 
which the wood is placed 
in circles. It is, however, 
at this period found in 
young* shoots just as it 
was at the earliest mo- 
ment of the formation of i 
the plant (Fig. 129). 

When it exists, it passes 

uninterruptedly from the ^.—Section of young 

, , , shoot of the At aim, k Ihke 

(Acer cam pest re), show- 
ing the large size of the 
pith, a; the bundles of 
wood of one year’s growth, 
and the bark with its 
hairs. 



T’ig. 12S. — A scheme of the parts of an 
exogenous stem. 

a, the pith ; />, the bark ; c f medullary 
■fays uniting the pith and the hark 
(greatly exaggerated) ; d, woody 
t bre. 

root to the end«of each 
branch and leaf-bud ; but is sometimes thickened, and rendered 
more dense, as in tho ash, at the nodes — the placed indeed, 
where all the structures are somewhat compressed. 

Its structure is at ail tinicS cellular ; and, for the most 
part, the cells arc hexagonal in form, as shov&i in Fig. 11. 



The cells are commonly 


Tin: rim — the medullary siieatk. 


of iaigu size, oiwl may be well examined in tiie pith of the elder. Their colour is 
^reen whillt they freely perform their function ; but subsequently the tissue is nearly 
'Colourless. In the old age of the plant the pith often assumes a colour which it has 

obtained from ftic juices which have hern 
deposited within** it. In a majority of 
instances the pith forms a solid cylindrical 
mass ; but in certain fast-growing plants, 
as in the hollow stems of the Umbelli - 
feree, it is torn, and vacuities are left. 
In a few plants the ruptured pith assumes 
a very regular form, and' is thence terjned chambered pith, since it is divided into a 
scries of compartments whiefi pass across the column in small stems. Such is the ease 
in the walnut (Fig. 130), as may be readily seen by selecting a very young shoot and 
slicing away a portion of one or both sides. According to the researches of Professor 
Morrison this change depends upon the lateral elongation of the cells, and the conse- 
quent disappearance of the contents of the cells, and is induced immediately by the 
absorbing action of the leaf-bud. 

The connexions of the pith are highly important, and demand special enumeration. 
It has already been intimated that it does not exist in the root, at least, of tolerably 
grown plants, and therefore its functions arc confined to the stem. First. It is in 
direct and unbroken connexion with every branch, leaf, bud, and flower, and is the 
structure wh^ch first conveys fluids to, and receives fluids from, the newly-developed 
leaf. It thence becomes the main organ of nutriment ; and, at the same time, the chief 
depository of the secretions. Secondly. It is in equally direct and unbroken connex- 
ion with the bark, through the medium of the medullary rays ; and thus becomes the 
centre of all the movements of sa^ which proceed in the horizontal system ; — it is that 
system which more especially presides over the life of the plant. 

The mode in which its ultimate disappearance occurs has been a matter of doubt 
and speculation. It sterns quite clear that it is not converted into wood, as was asserted 
by Mirbcl, and there arc certain facts wifi eh militate against the opinion that it is 
gradually compressed by the wood ; but since it is known that in the growth of the 
plant much compression of the previously foimed wood must occur, and since this 
compression is a reasonable theory by which to account for the disappearance of the 
less resisting pith, it is now pretty generally admitted to be at least one of the causes 
of tliis occurrence. 

Ab a general rule, the pith, so long as it exists, is not mingled with other than 
■cellular structures ; but, in a few instances, woody fibre has been found with it ; and 
in others, as Nepenthes, spiral vessels have been detected. 

' , *Thcr»vf*onomic use£" of pitH have not been numerous, but amongst them must be 
mentioned the rice-paper used in China, and prepared by cutting the pith of the 
JEschynomcno (Fig. 4$), and the Aralia papyrifera, in a circular manner, so as to obtain 
large, thin, and evenly cut sheets. It is used for drawing and for writing. Tho 
cellular pith-like stems of the iE&chynomene aspera, called “shola,” have been forwarded 
to this country from India, and, have been made into various ornaments, models of 
buildings, hats, boxes, and life-buoys. Its lightness, and non-conducting property of 
heat, render it very fitted for the manufacture of hats. ff 

Medullary Sheath. — Immediately surrounding the pith of all exogenous plants 
there is a layer of vascular tissue, whivh has received the name of mcdullaiy sheath 
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(Fig. 128). This sheath has no special walls, but is simply bounded by thej>ith on tho 
inner, and by the wood (when it exists) on the outer side. It is in this situation that 
wc may find ducts of various kinds, and spiral vessels ; and in all cases it conveys tho 
vascular structure from the root direct to each leaf and flower. The integrity of this 
structure is therefore highly necessary to the life of the plant. It is said to retain its 
green colour to the latest period of the existence 5f the plant*; thus showing.the impor- 
tance of the functions assigned to it. 

Medullary Rays. — These structures come next order ; and, as has been already 
intimated, belong to tho horizontal cellular system of the steip. They constitute the 
channels of communication between tho bark and pitif, and arc composed of a series of 

walls, of single murifeym cells resting upon the root? and pro- | 
ceeding to tho apex of the tree, ahd radiating from the centre. I 
They lie between the wedge-like blocks of wood, and, as 
they have a lighter colour than tho wood, they aro evident 
on a section of any stem, and ore called the silver grain 
(Fig. 131). Their colour and number suffice to enable us to 
distinguish various kinds of wood, and greatly increases their 
beauty. They cannot, of course, exist before tho wood is 
formed, and aro thereforo not met with in the earliest condi- 
tion of tho plant. They begin to exist with the first deposited 
chtiracterand their rehu layer of wood, and continue to grow outwardly, or nearest to 
t * 1)0 n ed* d u c t t0 *** G WOOtl ' bark, 80 l° n S 83 the wood continues to be deposited. 

! hi Woody libre*. The Bark..— As the medullary rays terminate in the bark 

; c - Elul o1 ’ medullary rays. on their outer side, we are naturally next led to a considcra- 
| tion of that structure. It forms the outer covering— a sheath of tho tree, and, in some 
! form or other is present in all plants. When discussing the constitution of the cuticle 
! of herbaceous plants we explained the points of difference between the two varieties 
• of the same structure, and showed that the rudeness of the bark of wooded trees had 
| destroyed many of the characters of the cutis, such as stomata «nd hairs. We have 
now to regard it as a dense cellular organ, well fitted to endure the influences of sea- 
sons through a long scries of years. 

It may anatomically be divided into two structures — viz., an outer one, which is 
cellular, and an inner one, which is vascular or woody. The former is sub-divisible 
into three parts, whilst the latter is composed of several layers of the same material, 
and forms a link between the wood and the bark. 

! The three divisions of the cellular part are the Epidermis, tho Epiphlseum, and the 
! Mesoplilseuin. 

The Epidermis is the most external layer, and is continuous writh that upon the 
loaves. Its cells arc flattened and lengthened, and but T^ry rarUy possess ste^atdf;.* 

The Epiphlaum has acquired much importance from the fact of its being the part of 
the dark in which the cork is deposited. It cracks and peels off^it intervals in almost 
all trees. In the birch and cherry it may at all times be seen hanging from the stem 
in silvery shreds, and in other trees as rough broken patches. In tho cork tree (Quercus 
stiber) it remains firm until the tree has attained a certain age, after which it exfoliates 
in the large masses in which it is brought to this country. It is prob&blo that the ‘ 
deposition of cork proceeds in all ^rees ; but in the cork tree it attains so great a thick- 
1 ness as to become a highly important article of fommcrce. '■ 

The removal of the cork from the cork tree is net left to natural exfoliation ; but, when 
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the tree is sufficiently mature, incisions arc mad^from the top to the bottom of the 
stem, so that the cork may be more quickly removed. The sheets arc then placed 
upon the ground to flatten, and arc at length cut up into convenient lengths for packing. 
The tree will permit this process to be renewed during seven or eight successive yearn. 

The cause of the exfoliation has not well been determined.” It certainly does not 
depend upon the growth of the tree, as though the increased size of the stem caused 
the bark to r&pture and thence to fall* off ; but it is said that a layer of tabular cells 
are formed within it which cuts pff its communication with the internal structure of 
the stem, and thence it^dics. No doubt can exist as to the fact of the constant destruc- 
tion of the old bark and the formation of new structures, and it appears to arise cither 
from the death of the external layers only, or from the formation of cork on the inner- 
most layer of the bark, which causes an arrest of the circulation, and at length the 
death of the more external parts. 

It is said that the bark of exogens is much more extensible than that of endogons ; 
and that, as a consequence, the stems of the former exceed in diameter those of the 
latter. But the fact just mentioned seems to prove that in fact the cellular part of the 
bark of exogens possesses but little extensibility ; for, when the enlargement of the 
trunk has proceeded but even to a moderate extent, the bark cracks off from a lack of 
this power of extension. It is far moro probable that the increasing size of the zone 
of bark is less due to the extensibility of the old bark than to the formation of new cells 
year by year as the stem enlarges, and in a layer at all times proportioned to tbc increasing 
size of the Btcm — in fact, that the old coat becomes too small, and rends, and a new one 
is supplied of larger dimensions. It is quite clear that the external layers, after rupture, 
either peel off, or the width of the rents increases as the treo grows larger. 

The EpiphUeum consists of several layers of thin flattened cells, usually without 
•colour. 

^Thirdly, the Metophlaum is a thin layer of green cells lining the cpiphlmum, and, in 
the cork tree, exfoliating with it. Its cells lie in a direction different from that of the 
cells of the epiphlaaunf', and sometimes contain cellular secretions. 

The vascular part of the bark is called the liber , from its offering a smooth enduring 
st ructure, which was formerly used as papei (liber a book). It consists of several 

i layera ? JntaiMDd bundles of woody fibre, 
connected together by loose cellular tissue. In some 
trees, as the lace bark tree (Lagetta lintearia , Fig. 
132), it resembles a textile fabric, and may be ob- 
tained from the tree in sheets of large size. The 
woody fibre of the liber has always Ike peculiarity 
of being very strong, and of lying in small bundles, 
and has been used as cordage by most nations. It 
is still employed in Russia in the manufacture of 
mats, and in many parts of the world for whip- 
lashes/ It is not equally smooth on both aspects; 
since, on its outer side, it has cellular connexion 

Rg.132. — Hark of the Lace Tree of' with the mesophlffium, but on its inner surface it 
Jamaica, composed of fine and is opposed to tho smooth wood, or is covered by 

fi 0 bre. 1> Ka{urS e *iae” ,ldleS the semi-fluid cambium. Its mesh-work character 

permits the medullary rays to pass through it, and to keep up a circulation with the 
cellular part of the bark. It is not subsequently converted into the wood of the tree, 
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as some have supposed, but is formed in the Spring season from the leaves with tfye 
wood, and lies in successive layers within the mesophlseum. 

The more immediate use of the hark is that of giving protection to the wood. If 
bark did not exist there would be no cambium, and without cambium there could not 
be any deposition of wbody fibre ; and thus the presence of bark ^s necessary t<j the 
growth of the tree. It is also essential to tho life of the tree, 
from its connexion with tho cellular system, and with tho 
undeveloped leaf-buds. 

The bark contains a large number of air vessels and vasa 
propria , and not only conveys refuse matter from the leaves 
to the soil, but is in almost all cases a depository of elaborated* 
secretions. This is well seen in tho oak bark, yielding tan- 
nin ; tho cinchona bark, producing quinine ; and tho fir-tree, 
emitting turpentine. There are also many milk vessels; but, 
with tho exception of the Nepenthes, there arc no spiral vessels. 

We have oftentimes found thick wall- cells, os in Fig. 40, 

arranged in columns with great regularity. Fi(f . i 3 3._Tho branching 

Wood. — Wc now proceed to the most important division vessels of the bark along: 
•of the parts formed in exogenous stems — viz., the Wood— a the fluids are con- 

substance not merely giving stability and beauty to the tree, 

but offering the greatest service to man. Wc find it occupying nearly the whole 
body of the trunk, and arranged, as a rule, in a very regular manner in this class 
of trees. On taking up any piece of wood, but more particularly the entire section 
of a stem, we first notice a series of circles, which increase in diameter, and are separated 
by wider intervals as w£ approach the bark. In this manner the trunk is composed 
of numerous zones inclosed within each other. Again, in almost all trees, we observe 
the medullary rays before-mentioned passing in straight lines from the centre to the 
•circumference ; and as the circle of the stem at the bark is much larger than any 
.circle near to the centre, it follows that thg medullary rays will be wider apart at 
tho bark than at the pith. On this view of the subject we may state that the stem is 
composed of a series of wedge-shaped blocks, which have their edges meeting at the 
centre. The combination of these two views gives the correct idea of the arrange- 
ment of the wood — viz ., a scries of wedges, each divided into segments of unequal 
width by circular lines passing across them. From this description it must not be 
supposed that these various portions are detached, or may ho readily detached, from 
each other ; for, although the medullary rays and the circular mode of deposition both 
lend to a less difficult cleavage of the wood; they yet bind the parts very closely and 
firmly to each other. 

Tho explanation of tho occurrence of distinct zones ofVood iJ that each * 

produce of one year, and that in our climate, more so than in tropical countries, the 
period of growth of wood ceases for many months between the seasons, and thus induces 
a distinction in appearance between the last wood of a former and the first wood of the 
succeeding year. This distinction is maintained throughout cafh year, and throughout 
a long series of years. 

The inclosure of zone within zone is owing to the mode in which the wood is pro- 
duced, and the position in which it is deposited. Wood is formed by the leaves during 
tho growing season, and passes down towards t^e root between the bark and the wood 
•of the previous year (if any), or in the position mavhich cambium is effused ; and, as the 
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leaves morq or less surround the whole stem, the new layer at length completes a zone, 
and perfectly encloses the wood of all former years. This is the explanation of the 
term exogenous , which is derived from two words signifying to grow outwardly, for 
the stem increases in thickness by successive layers on tho outer side of the previous!} - 
foraged wood. Th^t this i^ the mode of growth has been abundhntly proved by experi- 
ment, # and demonstrated by accidental discoveries. Thus, if a plate of metal be inserted 
between the Wrk and wood, it will in progress of time become inclosed by tho new wood 
which has overlaid them. So in ^ ike manner, if letters be cut deeply through the bark 
and into tho wood, the spaces will not be filled up from the bottom, but may be seen 
in subsequent years overlaid by new wood. A statement appeared in a daily paper, 
during the past year, to the effect that in cutting down a tree a cat had been discovered 
j inclosed in the wood of the trunk. These facts prove that the wood is applied from j 
| without. Again, if a branch be stripped of its leaves down to a certain point, it will J 
i not grow above that point ; and so, in like manner, if branches be stripped from one side of j 
a tree, the tree will not grow on that side. If a circle of bark bo removed from a ■ 
branch above and also below a leaf, it will be found that increase of size will occur j 
below, but not above that bud ; and so, likewise, whenever a ring of bark is removed 
; from a tree, the new woody fibre will not proceed from the lower but from the upper free ! 

edge. Further, if a scion be engrafted upon a stock having wood of a different colour j 

from that of the scion, it will be found that the wood produced from the scion overlays j 

j that of the stock. This may actually be seen in operation in the spring se^n, if a 
i leaf be exposed immediately below its base ; for then bundles will be seen to shoot 1 

| below the ring of bark or cuticle, and to divide into two sets, one of which proceeds to 

| the liber* and the other to the wood of the trunk. 

| These facts are undoubted, and the inferences seem to b£ indisputable ; but yet ; 

I various men of eminence have held contrary opinions. Thus, Linnaeus believed it to be 
| the produce of the pith, and Malpighi, that of the last year’s wood ; whilst Du Ilamel 
affirmed that it was produced by neither, but solely from the cambium, which, according 
; to him, was secreted* by the bark. It cpnnot be denied tliat the bark exercises an 
; influence in the formation of wood ; for if a zone of red bark be made to grow upon a 
: tree having white bark, all the wood appearing below this new bark will be red. But 
this is not the result of any power in the bark to form wood, but simply that the wood, • 
as a part of the horizontal cellular system of a plant, has a controlling influence over 
! its secretions. These experiments, and others of a similar character, may be most ; 
readily performed by any one of ordinary ingenuity. And what amusement could be ' 
more instructive to our young friends of both sexes, and possibly through them to the . 
world at at large ? j 

If our readers will cursorily glance at the cut surface of any stem, they will at once ! 
*yiwcei^f*iftLother fact in relation to the zones of wood, viz., that whatever may be the | 
thickness of the zone for the year, it is rarely equal around the whole circumference of i 
the stem. This is r no*nattcr for wonder ; but, on the contrary, it is surprising that | 
there is any approach to regularity, seeing that the position of leaves upm the branches i 
seems to be an accidental rather than a circular or spiral one. The occurrence is ; 
readily accounted for on the thec ry above propounded, and is duo to the lesser abun- 
dance of leaves on the branches of one side than on the other, or to tho prevalence of 
: winds, or some other physical cause, acting in that direction in opposition to tho 
growing process. 
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Figs. 131, 135, 136, 137, 138 exhibit horizontal and perpendicular sections of an 
exogenous stem, from the end of the first to the end of the fifth year. In each figure 




Fig. 134.— End of first year's growth 


Fig. I3"». — End of second year's grofrth. 




Fig. 13f».— End of third year’s growth. 


tig. i:Ji. — End of fourth year’s growth. 




Fig. 138.— End of fifth year’s growth. 


• the pith occupies the 

■I'f 1 ■!■ t*] centre, and is the largest 

| ! * Si : I • at ^ 10 cn< * the secon ^ 

I ' 1 j -I'll' Tear; after which it pro- 

i ; J, . ! ! - , |:!|j! ■! I',' Immediately around it is 

ij !j i l [ ! ' 1 ! ' ' -'iljf “I j I'i The bark is on* the outer 

" | j 1 1 ' . I f : boundary; andtbe woody 

1 i [ V 1 1 1 - li* J'. ill i- and pitted tissues occupy 

Fig. 138. — End of fifth year’s growth. tho intervening space; 

and increase at the rate of 

one layer or zone per year. The medullary rays pass from the pith to the bark. 

From the preceding remarks it will at once be inferred that a plant of one year’s 
growth has but one layer of wood ; and that that, therefore, does not inclose wood, but 
pith only. When the tree has reached the end of the second season it will have two 
layers ; and so on, successively, through any number of scars. ^Thc above 
represent each a horizontal and vertical section of a stem at various periods ; and in 
Fig. 1TO it will be seen that the stem of a plant five years old exhibits a central 
pith, five zones of wood, and the hark, besides the cambium in tli8 spring season and 
the medullary rays. , 

The age of trees has been inferred, when a section of the •whole stem could be 
examined, by counting the number of rings of wood whic% have been deposited around 
the pith. When only a part of the stem regained, and yet its original diameter was 
known, the same end has been sought by multiplying the width of one zone by one half 
the diameter, or by counting the number of zoneS*from the pitli to the bark, should so 
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H much of the stem be found. In a large proportion of cases these modes will evoke 
tolerably accurate results ; but there are several sources of fallacy to which we must 
refer. 

First, it is highly probable that ill tropical climates the wood of more than one ‘year | 
may produce bu$ one zope ; for as there is but a short if any period of cessation of | 
growth, «but very slight evidences of any line of demarcation can be detected. The j 
real age qf trees may thus be underrated. 

Secondly. It is highly provable that in some plants more than one zone of wood is j 
formed in the year# for such, is evidently the case in the root of the Beta Vulgaris. | 
This would unduly increase the age of the tree. j 

Thirdly. When examining a fragment of a tree the observer should remember that 
the zones are not of equal thickness throughout, and that it is quite possible that in ; 
some years no wood whatever was formed in the fragment under examination. The i 
varying width of zones results from the age of the tree ; so that it is less as the tree ! 
advances in life, *as also from the interruption to growth, which not unfrequcntly 
continues on one side of a plant throughout a greater part of the growing season. This 
may be readily observed by noticing a section of almost any stem ; for then it will be 
evident that the pith does not occupy the geometric centre of the plant. I)r. Lindley | 
gives tlio measurements of two sides of four stems, which ho selected from East Indian i 


trees, which 

exemplify this fact ole 

arly : — 



' 

Real litre or Vi. 

Total diameter. ! 

lxiumeter of 


of /oners. 

Smaller side. 

Larger side. 

; 1st atom 

. . ' 40 

' 4"i linos. 

9 lines. 

3f» lines. 

' M „ . 

. . : 30 

j ">» „ 


— ■ 

| : $«i „ • 

. . 1 i; 

| ai „ ; 

11 „ 

20 „ 

! llli • 

• -i 

i i 

j ;« 

11 " 

* 


| kfc Suppose thatva portion of the smqjler side in the first example were examined, the j 
observer would find that each zone is 0 225 of a line deep, and as the whole diameter 
of the stem is 45 lines, he would estimate the side he examined to be 22*5 lines deep. \ 
consequently ho would arrive by calculation at the conclusion that as his plant was one j 
year growing 0*225 of a line, it would be a hundred years in growing 22 *5 lines, while I 
in fact it has been ouly forty years.” 

Thus, whilst it is difficult to ascertain with great certainty th$ age of any tree when 
a whole section can be obtained, the difficulty is vastly greater when only a fragment 
can be examined. 

The great size of the trunk of a tree is primd facie evidence of its antiquity ; and j 
from that Act alone we should be disposed to admit that the following remark- j 
able trees must be very aged : — j 

The Chesnut qf Mount Etna (Castanea dc Ccitti Cavalli) is 180 feet in eiroum- 

1 fere nee. 

j A Plane tree in Tprkey, 150 feet in circumference. 

! Some of the Brazilian Ilytfieiuisas, 84 feet in circumference. 

i In respect of height, it is known that the Araucarias sometimes attain to the 
height of more than 200 feet. c 

Tnc Pinus Purglariana of Oregop is 193 feet high ; and the Pinna Lambertiana is 
220 feet in height. 
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The real value of these enormous dimensions will be best felt if our readers woulcf 
make a circle in a field of 180 feet in circumference, and then measure a distance oi 
70 frards to indicate the; width and height of a tree. 

# There arc several ancient oaks in England, through the remains of whose hollow 
trunks coaches have been driven; and in New ‘Zealand it* is saiefto be a comtdon 
occurrence to use decayed trees as stables. 

The following list of ancient trees may be found in a French work, the “ Teratologic 
Vcgetnle,” and their ages have been computed upon th^ principles now laid down. 

List of old trees, according to Maguire and Tandon. » There ale knpwn : — 


Palms of 



4 . . • 200, 300 

• ! 

years. ! 

Cure us . 



•. 300 


Ohirodendron 



. • . . 327 

1 

ft 

Plums (Elm) 



3 55 

■ * i 

Cupressus (Cypress; 



388 

” ! 

Under a (Ivy) 



448 

1 

ft j 

Acer (Maple) 



516 

! 

ft 

Larix (Larch) 



. . 263, 576 

i 

tt 

Castanua (Chesnul) 



360, 626 

! 

tt 

Citrus (Orange) 



400, 509, 640 


Plant anus (Plane) 



720 

i 

It 

(■'. dr us (Cedar) 



200, 800 

• ft 

Jug! ans (Walnut) . 



900 

» i 

Tiliu (Lime) . 



364, 530, 800, 825, 1076 

i 

tt 

Abies (Spruce) 



• . . 1200 

tt 

Qucrcus (Oak) 



600, 800, 860, 1000, 1600 

tt 

Olua (Olive) 



. 700, 1000, 2000 

tt 

Tax us (Yew) 



1214, 1 160, 2588, 2888 

tt 

Schubert ia 



. »00<h 4000 


Legtiiiiinusm . 



. 2052, 4104 


Adansuitia ( Baobab) of Senegal 


6000 

n 

Dracueiia (Dragon’s 

lllood Tree) of Teneriffo . . 6000 

” I 


When we remember that the two latter periods carry us back to the days of Adam, 
and contrast them with the ordinary destructibility of vegetable growths, they appear to 
be incredible, and we cannot but suspect that some elementary error has crept into the 
computation. 

Since the quantity of woody fibre produced depends mainly upon the number of 
leaves upon the tree, and the number of leaves must bear some proportion to the size 
of the tree, it might be inferred that the quantity of Wood deposited would iiejffiJse 
with much regularity as the age of the tree advanced. This increase might be mani- 
fested in two, or one of two ways — viz., the increasing length *if the zone ami its 
increasing width. It is very probable that an increase docs take place in the annual 
deposit, until the tree has attained its maximum of growth ; au$ it is quite clear that 
so long as the tree enlarges, the circumference of each •zone must increase likewise ; 
but there is no evidence that the zone at the same time increases in thickness. This 
militates against the oft-repeated attempt to determine the age of a tree from its 
diameter ; and if there were no other source of fijlacy, it would suffice to remind our 
readers that the growth of trees must- depend upon the varying nature of the soil, the 
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, changing, seasons, and the prevalence of winds ; and that all these act with tenfold 
greater effect upon a fUll grown than upon a very immature tree. It may therefore be 
affirmed, that the zones of wood increase in length, and decrease in thickness, as the, age 
of the tree advances, and that both proceed from determinate causes, but that She 
increase and decrease alike do not follow any rule of universal application. 

Moreover the width of the zones of wood, in the same species of tree growing in i 
different positions, is not the same. Thus the Scotch Fir (Pinus sylvestris), growing j 
at various altitudes, produces rings of wood varying from 0*39 lines, to 10 times that [ 
amount. That suclicmust be Jho case we may readily infer from the fact, that in any ■ 
plantation trees of the same species, and planted at the same time, attain, within a few j 
years, to very different dimensions. This dissimilarity is far greater when wc compare ! 
trees of various species ; but yet, in reference to all wooded plants, it may be stated th.it 
there is a general resemblance in the size, both in height and thickness, which plants ; 
of the same spe ics attain in the course of years. 

Numerous efforts have been made to discover a relation between the height and the i 
thickness of trees ; but whilst there may be an approach to similarity in trees of the | 
| same species, there is not a shadow of resemblance in wooded plants as a whole. Thus 
! it has been found, that of two species of Pine the difference was so great, that whilst 
| the relation was as 1 to 5 in one instance, it was as 1 to 120 in another. 

| Such speculations may tend to increase a spirit of inquiry, but hitherto they have 
j had no other good effect. 

i The fort going description may suffice for exogenous stems which follow this usual 
' course of development, and therefore for the great majority of trees ; but it is readily ! 
J conceivable that a difference in figure may exist to a great extent, as in the cells of j 
j cellular structure, considered at page 11. 



| Fig. 139f , Fig. 140. Fig. 141. 1 

Fig. 139, representing the section of a tree in which, from the irregular development of the stem, 
there are no concentric zones of wood. , 

Figs. 140 and 140*, showing, in the section of a stem of a Bignonia, four internal deposits of hark, o, 
by which the wood is divided inj? four wedges. The lines crossing the centre are well developed 

Fig^Ml 2 — T^/stem of a Clematis, in which the medullary rays are greatly thickened, a, the pith ; 
\ the smaller ; and d, the largtr wood bundles; c, the large medullary rays ; e, the bark. 

Thus, whenever the process of grpwth is so disturbed that it proceeds on one side, 
whilst it is nearly arrested on the other, it is evident that the figure of the stem will 
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not be cylindrical, and that the layers of wood will not be in perfect zone% So also 
when this disturbance is restricted to a portion only of one side, there will be no 
grow th at that part, and in process of time a depression in the stem will result, giving 
it ft furrowed appearance. At a still later period, assuming that the like causes exist, 
this furrow will become deeper, but at the same time it will btj narrov^r ; for the wo^jdy 
fibre, as it passes down on either side, will find little resistance in that direction* and 
will push into the furrow and lessen its size. At the same time the bark will also 
increase in thickness, and in process of time the origin#! furrow will have disappeared. 
A section of such a stem would show a triangular ^interval «n the circumference 
of the trunk, which would either be vacant or filled up with layers of biyk. If, 
whilst these changes arc proceeding, others of *a similar ^character were met with in 
other parts of the circumference, the section, instead of exhibiting a circular outline, 
would greatly resemble the figure of the stellate cell (page 11). These are the expla- 
nations of a great variety of twining stems growing in hot climates, and which are 
angular, or present a cruciate appearance on section. • 

An interesting modification, and one very nearly allied to the above, is that in which 
the medullary rays increase in thickness so greatly as not only to be mere lines, giving 
a grain to the wood, but large wedge-shaped blocks between alternate masses of wood. 
This is not remarkable, when we remember that at every moment of growth there arc 
two processes going on, one the cellular or horizontal, and the other the woody or 
vertical ; and it is no more a matter of surprise that nature should occasionally increase 
the one at the expense of the other, than that she should rigidly adhere to the rub 1 
which she has laid down ; for both the rule and the exception are alike wonderful and 
inexplicable. Such exceptions, greatly varied, but yej for the most part originating in 
the “ Wood,’* or cellular structure of the stem, are by no meins wvoiniwm. 

The general configuration of exo- 
genous stems is conical, the circum- 
ference being, for the most part, cir- 
cular, and the base much larger than 
the apex, or the free terminal part of 
tin? stem. This necessarily results 
from the remarks which we have 
made on the production of wood : for 
it is manifest, that if the wood be a 
product of the leaves, and the number 
of leaves on the tree increases from 
above downwards, the quantity of 
wood deposited will be greater below 
than above. The apparent exceptions 
to this^rulc are in such fast-growing 
trees as grow in the midst of a dense 

wood, where the light reaches them 1 lf: * *i ie coin P° ,lcut P aru * ot ur.ui.im 

. ’ . a,. , the fourth year ci growth, 

only at the top. ouch trees run up ot A, a part of a transverse section. B f u perpendicular 

nearly even diameter, and without P art8 cuch arranged accurately over 

a branch, until more than two-thirds a, the pith; b, the surrounding medullary sheath; 
of their entire height has been at- 

tiiined ; but from the point where the extent of bothrenohym more clearly ; e 9 the bark 
branches arise, the conical figure may readily Ufe traced. The common asparagus 
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plant ii» also said to bo ail exception to this rule. Tho circular figure of the | 
stem is duo to the somewhat even distribution of the leaves around the trunk ; and tbia 
will be the most perfect when the tree has grown apart from others, and where it is j 
freely exposed on all sides to the influence of light. ; > j 

The wood of plants js not composed exclusively of woody tissue, but with that I 
structure is bothrenehym, or dotted tissue and ducts, in greater or less abundance. This, | 
as before mentioned at page 17, is more particularly the case in fast-growing plants. 
The diagram on page 85, of ai^, exogenous stem, shows how largely pitted tissue is ' 
intermingled witli th^wood. 



Fig. 143, representing a Palm forest, and some of the leading characters of endogenous growth. 


Endogenous Stems. — We now proceed to a description of stems which will be 
less familiar to our readers, and which can usually be examined in museums, or as dried 
•^jila-^oply. These are almost peculiar to tropical regions, and are exclusively so if wo 
refer to wooded plants of considerable size. The giant representative of this class is 
the Palm tree, with its wonderful utility and beauty. 4 

The class is represented in this country, and in almost all cold climates, by plants of i 
lesser growth, and more particularly by the grasses ; yet, with the exception of the 
direction of the veins of leaves, they afford but unsatisfactory indications of the peculiar 
structure of the plant. The most ready illustration will be found in the common Cane 
and Bamboo ; and these will suffice for a sufficient inquiry into this subject. 

The term “endogenous" signifies to grow inwardly, and is explained by stating i 
that the bundles of wood sent downturn the leaves do not range themselves in layers j 

1 i 

i 
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on the outer side of tlie previously-formed wood, hut pass down in irregular masses 
n.'ar to the centre of the stem. Such stems, like exogenous stems, are composed of a 
woof and waip, each of which holds the same relation to the other in both great 
divisions of trees, and they differ only in their relative proportions and mode of 
arrangement. Thus thli cellular or 
horizontal warp is proportionally in- 
creased in endogenous rather than in 
exogenous stems ; and this, together 
with the arrangement of the woody 
fibre into bundles, gives a more open 
character to the section of the stem. 

. A section of an endogenous stem 
(Fig. 144) exhibits the following struc- 
tures : — First, an external inclosing 
layer or hark, x ; secondly, a series of 
circular lines, which represent the cut 
surfaces of vascular tissue, y ; and 
thirdly, the mesh-work intervening be- 
tween the bundles, which is the cellu- 
lar tissue or pith, z . W e shall consider 
each of these separately. 

Cuticle. — The epidermis, cuticle, 
or bark, of endogenous stems, differs 
materially from the analogous structure 
in exogenous plants. It cannot, in an)' 
normal instances, he separated from the stem, as may he readily seen by attempting to 
peel a cane. It does not naturally crack and separate as does tile bark of our forest 
trees; but is hard, dense, smooth (usually), non-corrugated, inelastic, but slightly 
extensible, and is a permanent unchanging structure. Thus, th© diameter of such 
stems is necessarily greatly restricted ; and it is in length only that endogenous plants 
can he greatly developed. It does not consist of a series of layers, which may he 
detached from each other, and distinguished by various names, but is simply formed of 
one or two layers — a mass of flattened cells, with bundles of woody fibre intermixed, 
and connecting it with the internal parts of the stem. The non-extensibility of these 
layers is not evident until the tree has attained to somewhat of its natural diameter ; 
for the bamboo may appear at first as large as the finger only, and subsequently exceed 
in circumference a man’s thigh. Moreover, a few plants, as the Draccena or dragon’s 
blood tree, referred to at page 1, has attained to a circumference of forty feet. Thus, j 
whilst it is true that the width of endogenous stems, as compare! with their hei^lH^ “ “ 
much h*ss than in exogenous trees, we must admit that the cuticle is extensible, and j 
must infer that its further development is prevented by a degree o£ expansibility which J 
does not proceed beyond a certain point ; or that its further non-development is simply 
a part of the general law which governs the growth of these plants. It is difficult to i 
agree with the common opinion, that the limited power f)f expansion, which the cuticle ; 
is said to possess, is the cause of the limited diameter of the stem ; and it seems more 
philosophical to assume, that it i% only a part of these occurrences which accompany ; 
the normal development of these structures. t ; 

. That the size of the stem remains the same afe all periods after its full development j 




f/jj' ip? 

v’I It r 



Fig. 144, showing, by a horizontal and perpendicular 
section, llic st ructure of endogenous stems, 
rr, s, cellular woof of the stem. 
h (/* bundles of vascular tissue, 
y, their cut ends. 
x, the so-cul W cuticle or bark. 
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, is quite pvident from the fact that twining plants may encircle it for many years 
without compressing it ; but this is bogging the question ; for if the stem bo fully 
developed, as at first referred to, no further increase of the tree is expected. Tho truth 
seems to be, that endogens cease to grow at their lower part, whilst growth proceeds 
ab t ove ; and thereby the puticle may have attained to a maximum of extension near to 
the 4 base, •whilst it may be comparatively undeveloped above. 

Schleiden explains the peculiarities of the cuticle of endogenous stems, ns distin- 
guished from that of exogenous, ones, by employing the term “limited growth” to the 
former, and “unlimited growth” to the latter; and explains them by stating, that in 
the former, after a certain period, the production of tho fast-growing thin walled-cells 
of the cuticle ceases, ahd the partitions become thicker ; whilst in the latter, the cells 
arc continually reproduced throughout the whole period of growth of the plant. This 
seems to be rather a statement of the facts than an explanation of thorn. 

It is the fashion to state that endogens have no bark, since none is separable from 
the wood, and thaftthe cuticle is simply the hardened exposed cells of the stem, with 
the ends of bundles of woody fibre intermixed. If analogies are truly founded upon 
function, and not upon structure, wc must admit that there is a cuticle or external 
protective covering to endogenous stems. 

Vascular Structure. — This is a mixture of woody fibre and bothrenehym, with 

addition of spiral duets or spiral vessels. 

^ W( ‘ examine a transverse section of a cane, we do 
(‘vyj t not find a central pith, with wood arranged in layers 
around it, but a surface marked by fourteen cut ends of 
ro *ifd bundles of vascular tissue, set in a cellular matrix. 
I Y\| a * so on ma k* n 8 a perpendicular section, we notice that 

surface of the section presents a number of perpendicu- 
u ^ ar ^ e ^ nec * lines, wdiich may be torn out, and a series of 
d I / / \y\ t\r \[ ij intervening connecting substances. The distinguishing 
I \) xV[l ^ peculiamy 0 of endogens is the arrangement of the woody 

d (V^\ If d fibre. 

' / N V / V x \Aif The general direction of the woody fibre is clearly 

/jc] ( /\\\l from above do wm wards ; but it is’ highly probable that it 

f /Y /C \\| does not descend in straight lines, and that when the tree 

\(/r) \ \\)| has attained a tolerable height the wood does not descend 

iyj**!/ ^ \ ifiSJ directly to the root. As the structure is not indigenous 

Fig. 145 , showing the arclform to flimes where scientific men abound, the observers have 
arrangement of the bundles been few ; and as the subject is an intricate one, it has not, 
Z!aTh« d 'l»nlni)° «B they°P«"« tts >' ct > bucn full y elucidated. Mohl is the best authority, 
yie series of iuttrfoliiir * an j be affirms that the bundles of fibres descend from the 
stem, and their parallel leaves m arcs, which direct their convexities towards the 
arrangement oq the inner (:en tro of the stern. Thus the fibre, in its descend first 
a ft, fully developed part of posses towards the centre, and thence towards the circuni- 
th rf" Strict Of leave*, .with «renco, until it reaches the bark, or nearly so, when it 
their vascular bundles. pqsses down in a more direct manner towards the root. 

the’buds! <lleS pi oCee<linff from Each fibre will therefore somewhat represent a hedge- 
/. the latest- formed leaves, hook with a long handle — that is, have the form of an arc 
Afar Scnleiden. above, aqd a straight line below. The centre of each arc 

will not correspond with the central point in the height of the stem, hut will be distant 
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from either end of the arc about one foot and a -half. It is not presumed t^jat all th* j 
fibres enter the bark, but that some curl and attach themselves to it, whilst others pass ; 
to Jhe roots. Thus the perpendicular section of a Palm would exhibit a series of arcs, 
intersecting each other, and originating in points gradually ascending as the tree grew j 
in height. These arcs w’ould proceed from every ]>oint of # the circumference of # the j 
stem, and present their convexities towards the centre. • m j 

Thus far, the best observers arc agreed ; but the precise point of origin is still a ; 
matter in dispute. That they proceed from foliaccous §rgans, as in exogons, is certain ; 
but whether from the fully-developed leaf, or from undeveloped interfoliar organs, is 
undetermined. The former is the opinion of Mohl, and the latter of Sehleiden ; whilst 
! Mirbcl occupies a midway position, and asserts that they nrocSed from an independent 
part of the growing point, or Pkylfaphore. The successively ascending points of origin i 
i of the arcs are explained on cither of these theories ; for in endogens the foliaceous j 
! organs, whether developed or undeveloped, arc placed only on the top or head of the j 
! stem, and arc yearly supplanted by others rising from abovd* them as the stem j 
i elongates. ; 

i There is, however, a material difference of opinion as to the immediate direction \ 

| taken, by the growing wood, according to the views above expressed. Thus, on Mold’s ! 

theory, the woody bundles are formed at the' highest point — viz. within the leaf itself, j 
' and have but one direction, that from above downwards ; but on MirbeTs theory, the j 
! point of origin is below the leaf, and the bundles pass in two directions — one upwards j 
into the leaf, and the other downwards into the stem. If we adopt the lattsr theory we ! 
must admit that the oldest part of the wood is neither at the top nor at the bottom of j 
each bundle, but at an intermediate spot — a point near to the upper extremity. i 

It is agreed by all observers, that there is no evident dissimilarity between an j 

exogenous and endogenous stem up to the end of the first year of growth ; for in both j 

cases there is a central pith and an external layer of wood, which has been divided 
into two portions, one of which has applied itself to the bark, and become the liber; 
whilst the other is the true wood, which surnymds the centre. Tile distinction begins • 
iu the following year, when the divisions of the bundles of woody fibre into liber and I 
! wood does not again take place in endogens ; and, as in those plants, the whole wood \ 
passes down into the bark, and near to it, the lower part of the stem, as in palms, is j 
! much more solid and resisting than the upper part. j 

The uses of vascular tissue in endogens are the same as those of exogens, but the \ 

| proportion of saccharine juices which it contains is greater in the former than in the ! 
i latter. This is a beautiful arrangement for the convenience of those inhabiting hot | 
j and often arid countries, where animal milk and water are but sparingly afforded. (See j 
: page 84.) 1 

| Pith. — The pith in endogens may be said to occupy the whole of the steal, iffiS t ■ 

j form the bed into which the woody fibres pass. If w*c deny the existence of bark in i 

j endogens, we must affirm that the pith also forms the cuticle ; »haVing first had its 

cells thickened to render it more resisting. On the section of a stem it will therefore j 
be found to intervene between the bundle of vascular tiSsuc, as.exhibited in Fig. 146, 
and to form the very boundary to the stem itself. I^ the endogenous plants of our 
climate, as the grasses, and in many similar fast-growing specimens of hot countries, 
as the bamboo, the central pith is ruptured, and ultimately absorbed ; so that there is a 
central vacuity, except at the nodes, whore a paijbition of pith Btill continues. 

. The uses of pith are chiefly two : first, to supply a soft, elastic, and yielding struc- 
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Fig 1 . 146. — Horizontftltfiection of 
the Sugar Cane [Saccharin tun 
officinale) showing the cellul ir 
structure or pith at d , ami the 
intervening bumllcs of vascu- 
lar tissue at c. 


Fig. 147.— A M'i’iinu of ^ lio 
stem of the common Kenl 
(Ph rag mites), showing at 
a the (‘(Mitral vacuity, and 
at b the solid stem, with 
the bundles of woody 
tissue. 


ture, through which the vascular tissue may pass from the leaves towards the roots 
and secondly, to contain starch, oftentimes of great purity and abundance, as in the 

stem of the sago palm (Say us 
Hump hit). 

The points in the external’ 
characters of endogenous stems, 
which are peculiar to these 
structures, are the following : — 

First. As a rule the stem 
(foes not give off branches, but 
proceed# cither singly or dicho- 
tomously (divided into two) 
from the base to the apex. 

Secondly. The leaves are 
therefore found only at the 
head of the stem, and surround 
it by numerous insertions, ar- 
ranged above each other in 
a spiral manner. They are 
usually of large size, and thus compensate for their paucity in numbers. When their duty 
has been performed, they wither and decay upon the stem, or ultimately fall from it, 
leaving a mark culled a cicatrix to indicate the points to which they were formerly 
attached. The succession of leaves takes place from below upwards, and thereby a 
palm of some years growth presents a series of cicatrices. As the age of the tree 
cannot bo determined by the nurd her of tin* concentric circles of the wood, it is inferred 
from the number of rows of cicatrices, which indicate the successive seasonal lor mat ion 
of leaves. 

Thirdly. From th j above reason*, the stem is not conical, lmt cylindrical, and is tall 
in proportion to its diameter. Xot that it is cylindrical, as opposed to conical, to the 
very apex of the plant, (for the very apex has not so large a diameter us the inferior 
part,) but since the reduction in diameter is somewhat sudden, and is found only' very 
near to the ter min al part of the stein, it is more truthful to state that the figure of the 
stem is a truncated cylinder than a cone. 

In all these respects the stems of endogons are very unlike the stems of exogens. 

The Descending Axis or Root. — Having now completed our account of stems, 
it will be more convenient to state the little which may be necessary respecting roots, 
before we proceed to a description of the mnricrous and complex structures which are 
attached to stems. 

*&£ have already Stated ttiat the stem and root proceed in the seed from a central 
spot termed the coll urn, and that they hence take opposed directions, — the stem 
ascending, the root qr radicle descending. This direction of the root is almost uni- 
versal; and wherever it is once attained, no power short of the death of the plant can 
prevent it3 progress. ^ *■ 

As the root naturally seeks Jo bury itself in a medium much more dense than itself, 
it is bo formed that its extremity has but a very minute diameter, and at that extremity 
it is composed of the most delicate structure. The vjtal process of growth enables it to 
insinuate itself, without injury, between stones and othei resisting substances. Thus 
the root has naturally a conical figure, with its base opposed to the base of the stem. 
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and the whole plant may be said to consist of two cones, attached by their bases. Thc # 
thicker part of the root is termed the caudex , the minute apex, the fibriltti, and its 
terminal point, the spang iola. 15oth of these parts, as has been proved by cxpeii- 

me#ls, have the power of elongating themselves, but more especially the part near to 
the free extremity. Our readers may satisfy themselves of this fact by taking any fast- 
growing root, as of a hyacinth growing in water, and tying a thread around tl\p roots at 
known intervals, and, after the lapse of a few weeks, ascertain, by admeasurement, the 
total and relative elongation of the root and its parts. ^If a plant he selected, the root 
of which grows in the ground, it will be found that the relative p^pportions of growth of 
the upper, as contrasted with the lower portion, is infinift'ly less than in plants growing 
in water. This is to enable the root to penetijptc with Jess •difficulty the fesisting 
medium. Tn this mode the roots of forest trees are enabled to penetrate the soil for 
many yards from the base of the stem, so as to enable them to get the water and other 
articles of food which may not I>e readily afforded at the base? of the stem. 

The tissues of which flit? roots are composed art? nearly the sam§ with those of the 
stem, riz. % woody fibre, ducts, and cellular tissue. The woody fibre does not penetrate 
into the spongioles, hut is restricted to the parts immediately above it, whilst ducts and 
cellular tissue are met with exclusively in those organs. The reason of this arrange- 
ment is that the spongiole is an organ of absorption as well as of growth, and by it all 
the fluids which enter the plant are introduced ; it is, therefore, not restricted to one 


point, as the a) ex of the 
root:, hut. is found on various 
parts of it (as may he sec n 
on the side of the radish), 
wherever absorption can be 
effected; and it is of the 
greatest, importance, in 
transplanting trees, to avoid 
the destruction of too many 
of these delicate thread-like 
organs. Some writers re- 
strict the term spongiole to 
the very extremity of the 
delicate fibrilla, which is 
somewhat tumefied ; and 
there it is said to consist 
of a mass of small cells. 
This iB probably the true 
statement of the case, as 
may be seen by placing a 
thin station of the end of a 
root of the radish under 
the microscope ; and then 



we must regard the ducts Fir. H8.-Tl,e r*»n*NVs, or £crew Fink, emitting acri .,1 roots 
to “which it leads as organs a * r * a,lt ^ r » v ' hicli ultimately reach the giouiul, and give 
, , . , ^ ® . increased stability to the stem, 

destined to convey fluids # 

from the spongiole to the caudex of the root. The ^pongiolcs have also the power to emit 
from the root effete and deleterious substances. Tihus it is said that trees (os a peep* 


I 

i 

i 

i 
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( tree) wil) not grow upon the spot where a tree of the same species recently grew; and 
that, not because the soil was exhausted, but that a poisonous excrcmcntitious matter 
had been deposited there by the roots of the former plant. 

There arc certain plants which emit their roots above the surface of the soil, as# the 
Pqndanus or Scrpw Pine (Fig. 148), and the Mangrove tree'. Such roots are termed 
aeryil rocts; since, until they have sufficiently elongated to reach the earth, they remain 
above the ground. Their natural tendency, however, is to bmy themselves in the 
ground, and they become events tally roots. 

Hoots vary greatly in figury, and therefore demand special names; the most common 
is the fibrous, as in the oak and forest trees, where the body of the 
root is divided into many smaller, elongated, conical portions. If 
there is hut one conical elongation, the root is termed fiusifortn. 
When the root scorns to terminate suddenly at the body, it is termed 
premorse , or bitten off; if it he fleshy, and divided into several globose; I 
parts, it is known as many-headed , , or as tubercles in some of the ■ 
orchids. ; 

It is often of importance to distinguish accurately between an 
underground stem ami a root; this is chiefly effected by negative 
evidences. Thus a root has none of the appendages of the stem, ; 
such as leaf buds, leaves, scales, scars, and stomata; and in exogens 
it lias no pith. Some roots have the power of* forming adventitious 
buds, but the buds never proceed in a regular manner from fixed 
points. So also with branches, when they occur ; they proceed not 
from leaf buds, but in an irregular way from any point of the surface 1 , j 
| fibrous root. Jiy these various signs wc infer that aueli enlarged parts of plants, j 

i l. The fibril be,' with as the potato, turnip, and radish, are true stems, although they ! 

! t be terminal spun- arc . situate under-ground, and that they give off the true fibrilhe or 

| * roots from their apices or sides. ; 

Appendages of the Stem. — Under the head of appendages of the stem or axis j 
we shall have to consider the respiratory and reproductive parts of plants, such as the j 
leaves, flowers, and fruit, with their subordinate structures, and shall take them in the ! 
order in which they appear upon the stem. ; 

Leaves. — The leaf is the type of construction of all the appendages of the axis, no 
matter how developed soever may be their external configuration. It is therefore not 1 
only imperative to a right understanding of other organs that these should be well | 
studied, but a knowledge of the composition of the leaf is the readiest mode of becoming j 
acquainted with the; structure of its prototypes. We will, therefore, invite our readers 1 
to bear in mind thirty the immense variety in the figure of the leaf, and in the leaves 
■KmcTotM&r parts of the flower and fruit, does not imply any difference in structure, but 
that a knowledge of one is a knowledge of all. g 

The leaf is technically Baid to he u an expansion of the bark at the base of a leaf- 
hud but such a definition gives no idea of its structure. A more tangible definition 
is, that it is a flattened and expanded stem ; for every structure, which enters into the 
composition of the stem and none other, is present in the leaf. Thus there is cellular 
and vascular tissue inclosed on each side by a cuticle. 

The leaf is, for the most part, a flattened organ, having two surfaces, or payince, a 
border, a bore, and an apex, the whole of which constitutes the lamina or blade ; and 
frequently it is connected with th<f* stem by a foot-stalk or petiole . The surface is 
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commonly marked by a number of ridges which are called veins, and which consist of 
woody tissue, spiral vessels, and cellular tissue ; and they arc retained in their position, 
and the intervening spaces filled up, by cellular tissue. The tissues of the veins arc 
brqftight in closer proximity in the petiole, which is a small stem, and having passed 
through it into the stein, •one part enters the bark, whilst the other traverses the wood 
and penetrates to the medullary sheath at the centre of the stem. llius evtyy leaf is 
in direct communication with the stem, and not only so but it is a prolongation of the 
very pith, spinal vessels, and wood of the stem. The ^similarity between the leaf and 
the stem may be carried yet further, for not only do the same structures enter into the 
composition of both, but in both there is a double set c W vessels, one of which conveys 
the fluid from the root, and the other back again fowards the root. The only difference 
between a leaf and a stem is, that the parts of the stem ar5 more widely distributed in 
the leaf, and there is an increased quantity of cellular tissue to fit them for their pecu- i 
liar functions. j 

W e have already, in a previous page, described the cuticle of leaves, yith its appendages, ; 
and may, therefore, at once proceed to consider the internal structure of these organs. ! 

The veins of leaves are distributed on an uniform plan, and not as a matter of acci- ! 
dent, and may be arranged under two heads— viz., the venation of exogons and the 
venation of endogens. The leaf of an exogen is said to be reticulated , and that of an j 
cn (logon straight or parallel veined. 

The venation of an exogen, as an oak or the holly, consists of a central midrib and ■ 
a series of festoons, arranged on either side of it 
; (Fig. 150). The large branches proceeding from 
; either side of the midrib are termed primary veins 
j (2) ; and after they have proceeded for Borne 
distance towards the edge of the leaf they form 
! a series of curves by which they communicate 
' with each other, and which arc termed curved 
veins (3). The curved veins in their turn be- 
1 come trunks, from which other and lesser veins 
j are given off (4), which from their relative positions 
j are known as the external veins ; while others, 

| of a still smaller size, distributed to the xuar- 
j gin of the leaf, are termed marginal vcinlets (5), 

Thus far all the veins have proceeded from one 
source, and clearly belong to one system, being a 
series of arches placed upon each other, alid all 
resting upon the midrib. But besides these veins 
j there are others, which may be said to belong to an 
i inner system. Thus the costal veins (6) are 
small branches which proceed from the midrib, 
at points intermediate to the primary veins ; whilst 
the branches of the primary veins themselves arc 
termed proper veinlets (7), and their anastomoses 
common veinlets (8). Such is Dr, Lindley's arrangement, and it is one which merits j 
approbation. 

It must hot be supposed that tAese systems of veins can be traced in all loaves ; for 
^ in the leaves of mosses; and other plants of the lowest class, there are no veins ; and in 



Fig. 1 50, — representing the complete 
venation of an exogenous leaf, as in 
the ilex or holly, 

1. The midrib. 

2. *rhe priiAary veins. 

3. The curved veins. 

4. The external veins. 

5. The marginal veinlets. 

6’. The cortifl veins. 

7. The proper veinlets. 

^ The common veinlets. 
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« certain tljick fleshy leaves, as those of the aloe, the veins are altogether concealed. 
The first are called veinless , and the last hidden veined. 

The venation of endogoncous plants oflers a wide contrast to the foregoing, a’nce 

♦ there are no reticulations, and the veins run in nearly parallel 
lines (Fig. 151). Such leaves are found in grasses, in palms, 
and in many exotics grown in hot-houses. They are termed 
straight -veined, and their venation consists simply of a series of 
primary ncins running parallel with, and proceeding from, the 
r base of Jhe midrib, and by a transverse arrangement of propel 
veinlets. An endogenous plant may theicfore be distinguished 
irom c an exogenous one by the absence of all reticulation in the 
venation of its leaf. 

There is a kind of exogenous leaf, which closely resembles 
the straight- veined or endogenous leaf — viz., the ribbed , in 
* which three or more midribs spring from, or near to, the base of 
the leaf; but it differs in having a reticulation of small veins 

Fig. 151. — The venation between the ribs. When the midribs proceed from the base, the 
of an endogeneous N ... / , . , , 

leaf, showing its leaf is said to be three u>r more) ribbed ; but when they originate 

l^The'inidrib 8 ’ a a ^ ovc the base the distinguishing term triple-ribbed is 

2. The primary veins, given. 

lets ThC proper vem ’ There are other arrangements of veins, as the equal-reined of 
• ferns, the netted , the curve- veined , the radiating, and feather- 

veined i but they are not of sufficient importance to merit further notice. 

Whatever may be the precise distribution of the veins, they all tend towards 
the edge or border of the leaf, and do not there terminate, but are reflected bade upon 
themselves, so as to be accurately applied to the under surface of the one now described. 
So perfectly is this effected that an observer could not detect the double distribution of 
veining in any leaf attached to the tree, and it is only when the leaf is greatly decayed 
that the two layers" become separate. J.£ such a leaf be handled, so that the veins on 
the two surface be drawn asunder, a distinct division of the structure will be perceived. 
This division may be accounted for in two ways : first, that there is such a process as 
that just described *, secondly, that both sets are formed at the same time, and, from the 
earliest moment, arc connected together by their extremities ; and that as the leaf 
increases in size both sets of vessels elongate equally at the same moment. It must 
not be supposed that there is any substance intervening between the two sets of vessels, 
for it is highly probable that the two sets form but one bundle. 

The importance of clearly establishing the existence of a double set of vessels is, 
that there is clearly a double current ; one by which the sap is carried tQ the leaf, and 
Mu: o theft removing it from that organ. The former occupies the upper, and the latter 
the under surface of the leaf. , 

We have already intimated that the veins consist of bundles of woody fibre and 
spiral vessels, with a prolongation of the cellular pith of the stem. 

The cellular structure of the leaf is somewhat peculiar, and is admirably adapted to 
the lung-like functions of that •organ. It is divisible into two portions, a cuticular aiul 
a parenchymatous (Fig. 152). Wo have already fully explained the structure of the 
cuticle in leaves, and shall only further add, that «the cuticular cells vary greatly in 
size, figure, nunjber of layers, tliicknees, and hardness ; but that #3 anile there are two 
Invert of cuticular cells oil each surfdee of a loaf. The parenchyma of tlic leaf consists 
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of several layers of somewhat large and thickened cells, which have thg power ty£ 
remaining distended, even when examined under the microscope — a quality which, in 
soipo instances, is assisted by the presence of a 
sqfcral fibre within each cell (Fig. 44). These 
cells also very freely communicate with each 
other (Fig. 1.52). It may be fairly questioned 
if this is not a peculiar structure, since it is 
admitted that the ct?ll-walls are not perfect, 
and it is certain that they do not collapse when 
cut open so readily as other cells. 

The connexions of the parenchyma are the 
cuticular cells above and below, and the veins 
<»f the leaves which pass through it. It is also, 
unlike all other cells, exposed to the direct ac- 
tion of the atmosphere, since it receives air 
tli rough the stomata, which have their cham- 
bers within its structure. 

The functions of the parenchyma is to re- 
ceive the juices from the upper layer of veins, 
and, by the exposure of them to the atmosphere 
and other influences, to elaborate them, and 
thus to yield them up to the under or recumbent 
set of vessels, to be returned to the stem of the 
plant . It is therefore somewhat the ana- 

logue of both the lungs and the stomach in 
animals, for it performs the functions of both these organs* All the function* of res- 
piration, which arc attributed to the stomata, are fairly due to the parenchyma of 
leaves ; for the former bear to the latter only the relation which the mouth and wind- 
pipe do to the lungs. The parenchyma, in ctvnmon with the cuticular cells, is usually 
of a green colour, from the presence of starch and chloropliyle within the cells. 

Forms of Leaves. — The form of leaves is very varied, 
but is permanent in the same species, and i§ conse- 
quently the result of design. Except in a few instances 
the leaf is never so far modified in form as that the 
functions of respiration and digestion are interfered with, 
and therefore the precise neccs- . ~ 

sity for the infinite variations is 
not clear, except as evidence of^ ^ 
that Creator’s goodness which ^ 
cares for the beauty as w r ell as the / 
utility of his works. 

The shape or outline of the leaf 
depends on, or is modified by, the 
length and relative position of the 
veins. When the midrib divides 

Elm Leaf. int» branches, and when all the Fiir. 154.— Leaf of Hy- 

b ranches diverge in the same plane, dwcotyle vulgaris. 

th£ leaf is flat, and this may be called the norAal state of leaves (Fig. 153) ; when 


e c 

Fijr. 152. — A vertical section of the leaf of 
the Euon it in os japan icwi, exhibiting the 
cuticular and parenchymatous structure*. 

a, the cuticular cells of the upper sui- 
facc. 

b, the enticuliir cells of the lower sur- 
face. with stomata at r. 

r, the lower open parcnch\mn, with the 
air jdmmbers of the stomata, ut d. 
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the veins diverge in different planes, the leaf is orbicular (round), as the leaf of the 
common sheep-rot {Hydrocot yle vulgaris , Fig. 154). In succulent or fleshy leaves, such 
as the leaf of the house-lock, seduni, several pinks, &e., the veins spread in different 
planes, and the parenchyma is so much developed as to conceal the veins, which con- 
sequently are neither prominent nor visible, as they are in the greater number of 
leaves. % % 

The leaf, when complete, consists of two parts (Fig. 155), a> the petiole, or leaf- 
stalk^ b y the lamina or blade. The petiole connects the 
(S % leaf with the branch or stem, and is composed of the unex- 
yx < X f J panefed bundle of fibres, covered by the epidermis ; the ra- 

« mification ,of the nerves constitutes the skeleton, and the 

/ \ r cius and veinlets, with the cellular tissue and epidermis, 

7 constitute the entire leaf. When the petiole is not present, 

the leaf is termed sessile . Sessile leaves often partially or 

X/“7 (X ) c entirely surround the stem, and in this case they are termed 

J y scmi-amplexical or a triple xical (half embracing, or quite sur- 

F,S - 1M - rounding the stem). 

The most obvious division of leaves is into simple and com- 6 

pound. In simple leaves the limb consists of one piece, either j 

quite entire, or variously indented, cleft or divided at the AV ^ 

margin. (See Fig. 155, an entire leaf; 154, a orenate; and 1 
153, a toothed or incised leaf.) Compound leaves are com- I I 1 \ 
posed of one or more pieces, called leaflets, each of which is A I * 

jointed to the common petiole or rach, a»s it is termed when JW ^ >s * 

the leaf is winged. (See Fig. 1 5(J, which represents a pinnate, ^ 

or winged leaf.) My ° 

Simple Leaves.— The shape or contour of the leaf is rogu- 
lated or modified by the angle of divergence of the lateral or I / j , ij 

secondary veins, avd by tlieir length. When the divergent / 11 

\ eins are but slightly distant, and extern! from the base to the | j'J 
apex, inclosing only a narrow slip of parenchyma, the leaf is 'll 

called linear. The leaves of grasses are familiar Fig. 150. — cr, the rach, h b 
/ examples of this form. When the veins extend the compound leaf! 1 *’* ° f 
fl from end to end, and are rather more distant in the 

/)£ middle of the leaf, the lanceolate form is produced. In these 

/ jk’ / V\ two forms the veins usually diverge at 

I'jt' I C V \ /T\ the base ; but in the second, viz. the lon- 

fyu/ \ nK \ [ ccolatc form, the relative length of the 

\jf*f % V 1 I I secondary veins and their wideness of 

vj'/ \\y i l$y an ^° produce a lanceolate^ leaf (Fig. 

jf I t Vr / yr ^hen the secondary or branching 

[7 11 1 ft veins ore nearly of equal length, both at 

^ H , the base and apex, tho loaf is elliptico- 

Fig. 157. Fig.*158 Fig. 159 i ancoo i a t; C (Fig. 15$). The oblong leaf 

Fig. 1 58.— Eliiptico-lanceolute leaf. Fig. 159.- differs from the latter merely m being 
Oblong leaf. rather broader at the base and tip (Fig. 

159). When the -branching veins are nearly equal, &e leaf, being obtuse at both ends, 
is called a rounded leaf. 
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All these, and many other forms of simple leaves, depend upon the relative propor- 
tions of development in the longitudinal and lateral directions ; for in every case the 
apex, or free end of the leaf, is first formed, and then the blade enlarges in both direc- 
tions. As a rule, the growth proceeds more longitudinally than transversely ; and 
thence, for the most party loaves are longer than broad. But when ^it is equal in all 
directions, the orbicular or rounded form of leaf results. Again, the lateral develop- 
ment never proceeds equally from the base to the apex of the midrib, biflt is usually 
greater at the former than the latter, thus constituting ijjie ovate forms of leaves. In a few 

f * instances, however, the contrary is observed, as 

/ V > — v in Figs. 160, ftl ; and it obtains the prefix 

/ \ W \ ob — as obevate or obcoMate. When dcvelop- 

Y J f 1 ment proceeds regu&rly in these two directions 

/ the surface of the leaf is flat, and may be fami- 
r lhu*ly represented by the palm, or aspect of the 

hand with the fingers outstretched ; but when 
between any two veins or fingers the transverse 
development is uneven, a degree of puckering 
Fig - 16 ?e5.° bOTate Fig ‘ 161 -^ ordato will ensue, as in the leaf of the holly {Ilex). In 

a few instances of tolerably even growth, the 
resulting leaf is not flat, but somewhat tubular, as may be imperfectly Bhown by 
contracting the hand so that the whole thumb and little finger shall approach eaoli 
other. • 

The most frequent variation is the arrest of development at the margin of the leaf. 
If the lateral development were complete, it is clear that the edge of the leaf would be 
even or entire ; but in many instances it is incomplete, and thence a deficiency ensues 


Fig. 161. — Ob-cordate 
leaf. 







Fig. 162. 


Fig. 163. 


Fig. 164. 


Kg.W 


Kgs. 168, 167. 


Fig. 162.— Serrate leaf. 

Fig. 163.— Doubly-serrate leaf. 

Fig. 164.— A pixmatifld leaf. 

Fig. 165.— A doubly-pinnatifld leaf. 

Fig. 166, 167.— Hastate and lyrate-shaped leaves. 


which gives a tooth-like or crenate appearance to the edges (Fig. 162). Such a leaf is 
termed serrated, toothed , or crenate. The extent*of this deficiency varies much, and 
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thence the figure necessarily changes. Thus, when it is muoh greater than that of a 
serrate leaf, the leaf exhibits a series of lateral prolongations or lesser leaves, the 
attached end cff which is yet distant from the midrib, and the whole is termed pinnatifid 
(Fig. 164). In other instances the arrest of development is equally great at certain 
points with the pinnatifid leaf, but is not so universal ; and ♦ thence a lyre-shaped or 
haltberd-hqad shape results, as in Figs. 166 and 167. 

In all th%se examples the longitudinal system of development is perfect, and the 
lateral deficiency is so arranged ^hat the edge of the dentation is entire ; but in many 
cases the latter is so nidified that the dentations are themselves dentated or serrated. 
Such leaves are known as doublp-serrated (Fig. 163), and doubly -pinna tifid (Fig. 165). 
When tlie longitudinal system is modified, at the same time that the transverse develop- 
ment is restricted, the leaf puts on a lobed character. Such is represented in Figures 



Fig. 168. Fig. 169. Fig. 170. 

Fig. 168.— An angular-Lobed leaf. 

‘ Fig. 169. — An orbiculnr-lobed crenate leaf. 

Fig. 170.— A palmate or deeply-divided lobed leaf. 


168 and 169, in both of which the modification is but slightly evident; but in others 
the division of the lobes is so great that the line* of separation passes nearly to the 
petiole, as in the palmate leaf Bhown in Fig. 170, and quite to the petiole and primary 
veins in the Water Crowfoot {Ranunculus aquatilis ). 

It is not necessary that we should enter minutely into tho mode of development of 

every variety of leaf ; and it is probable that we 
have already given such examples as will enable 
the reader to apply the principles now enunciated 
to any other form which may present itself. 
We shall therefore only, 
name a few other forms 
which are not unsusally 
met with. The renifonn 
or kidney-shaped leaf is 
represented in Fig. 172 ; 
cordate or heart-shaped, 
and sagittate or arrow- 
shaped (Fig, 173). 

Leaves are, for the most part, developed sym- 
metrically — that is, each half closely resembles 
the other ; but in some instances this rule is not 
observed. Thus in the Begonia the leaf is mani- 
festly unsymmetrical, having one side far less developed than the other ; and in some 




Fig. 172. — Ren i form or 
kidney-shaped leaf. 


Fig. 173. — Arrow-headed leaf of the 
Saoittabia (Say ittce folia). 
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of our ordinary trees the transverse development commences on one side yhilst it if 
absent on the other. Such is shown in the elm leaf, Fig. 153. 

Compound Leaves have already been defined to consist of several pieces connected 
together at one extremity by the petiole, the whole of whioh taken together constitutes 
the leaf. There is also dhother explanation of the term, to which vgs shall rofer pre- 
sently. Compound leaves, then, are lobed or pinnatifid leaves, with th» divisions 
carried down to the midrib or petiole. In their first development they appear as sim- 
ple leaves only; and in their subsequent progress giay still be regarded as simple 
leaves with extreme subdivision. This may be at once appreciated if Fig. 164 be con- 
trasted with Fig. 174; or Fig. 170 with 175 ; or fig. 168 with the Stywberry 



Fig. 174. Fiff- 175. 

Fig. 174.— A leaf of the Glkxditsia (one of the Aoacias), showing pinnate leaves becoming bipinnate, 
and clearly exhibiting the mode in which many leaves are formed from one simple leaf. 

Fig. 175.— A pedate compound leaf of the Uorbb Chksjnut {Fay us castanea ).♦ 

leaf, Fig. 176 ; — in all of which the reader cannot fail to observe that this mode of 
division of leaves into simple and compound is purely artificial. The divisions of 



Fig. 176. Fig. 177. Fig. 178. 


Fig. 176.— A Strawberry leaf, divided into three leaflets. 

Fig. 177. — Opposite innnute leaves, with terminal leaflet. 

Fig. 178.— An interruptedly pinnate leaf. 

a compound leaf are termed leaflets ; and, for the ipost part, each leaflet is of smaller 
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file, both longitudinally and transversely, than simple leaves. They are subject to 
great variety of forms ; and in their development are guided by similar laws to those 
already explained in respect of simple leaves. 

The most common form of compound leaf is the pinnate (Fig. 180), in which ti^re 
are a series of small leaves arranged on each side of the midrib. When they are in 
pairs on opposite sides of the midrib, they are said to bo opposite ; and when single 
they*are terfned alternate . In many instances tho leaf is terminated by on odd leaflet 
(Fig. 177), and the branch is said to be determinate; when otherwise, the development 
of the leaflet has been # arrcsted ; and if no flower exist at the end of the branch, it is 
called indeterminate . An inter Aediate condition is found in such leaves as have small 
foliaceoifs organs attached to the midrib between the leaflets ; and then the leaf is 
tormed interruptedly pinnate (Fig. 178). It is understood that the normal arrangement 
of the leaflets is alternate, as may be inferred from a consideration of Fig. 150 ; for it 
is there seen that, although each side is symmetrical, the primary veins (which would 
form the midribs of« the leaflets of a compound leaf) do not leave the midrib at points 
directly opposite to each other. This is also deduced from the observation, that at tho 
formation of the first leaf at the first node (see page 58), there is no opposite leaf, but 
that one is subsequently formed at the next nodo ; and hence it is inferred that when- 
ever leaves are placed opposite to each other, as seems to be the rule in the development 
of tho leaflets of a compound pinnate loaf, there has been the suppression of an inter- 
vening leaf and node. This suppression is carried to a yet greater extent in the arrange- 
ment of leayes in whorls (Fig. 179) ; for then not only are there two opposite leaves, 



Fig. 179. Fig. 180. 

Fig. 179.— A whorl of leaves surrounding the stem. 

Fig. 180. — Representing at a the pinnate, and at b the bipinnate arrangement of leaves. 


but the number is increased to four, six, or more. In such instances there has been 
• an absqpce of as man^ nodes as there are leaves, except one. We may also explain the 
formation of leaves in whorls on the same principles that we have applied to pinnate 
leaves, vie., that Jkhejr are all the produce of a divided simple orbicular leaf, as «n Fig. 
154, in which each leaf incloses one primary vein, whilst a pinnate leaf is in like 
manner the product of the division of such a leaf as delineated in Figs. 157 and 158. 
This arrangement of lbaves into alternate, opposite, and whorled, is also applicable to 
leaves, of whatever kind, arranged around the whole branch or tree. In many instances, 
and especially in the Umbelltferce, the pinnae of the pinnate leaf are themselves sub- 
divided, and then the leaf is termed bipinnate ($ig. 180), and is analogous to t hfl 
doubly-pinnatifid leaf in Fig. 165. 
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In other instances the leaflets are not arranged in a pinnate manner, but form a 
kind of tuft, as in Figs. 175 and 176 ; but even in such cases there is no difficulty in 
tracing an analogy between them and the whorled form of leaves shown in Fig. 179. 

# *We intimated at the head of this section that there is another form of compound 
leaf besides that now described, and it is one which is based upon distinct anatomical 
characters. It is such leaves as are connected with 
the petiole by means of an articulation or an im- 
moveable joint. If the leaf of an apple or an oak ^ 
tree be examined, it will be seen that the midrib 
passes uninterruptedly down into the petiole ; but 
the leaf of an orange presents a transverse line yith 
a slight swelling on either side of it (Fig. 181 a), and 
at this' point the blade of the leaf may be somewhat 
readily broken from the petiole. There is no arrest of 
circulation at this place, although the separation is 
easily effected, for the vessels pass uninterruptedly 
from the petiole to the midrib. It is thus not easy 
to show how or why such an anatomical peculiarity 
should exist ; for the common opinion, that it is the 
terminal leaflet of a compound leaf with the lateral 
leaflets undeveloped, does not much help us. It is 
also found in the common berberry {Herberts vuU 
yam), and in a few other plants. Fig 181.— The compound leaf of the 

We have already stated that a leaf without a ™%J‘ t t h a ‘ he artioulatlon 
petiole is termed sessile , or sitting, but when it en- 
tirely surrounds the stem it is known as perfoliate (Fig. 182), and when it runs down 
hi the stem, as in certain .. * 

f* thistles, it is called decur - Jw 

stalk of the leaf, is the 
assemblage of the veins 

|1 ducts the juices to and 
• from the stem. As it 

Fig. 182.— A per- contains all the vessels Fig. 183.— A decurrent leaf, with the midrib adhe- 
foliate leaf. rf ^ ^ u must p08 _ . rent to the .ides of the .tern. 


f 


Fig. 182. —A per- contains all the vessels Fig. 183.— A decurrent leaf, with the midrib adhe- 
foliate leaf. rf ^ ^ u must p08 _ . rent to the .ides of the .tern. 

Bess two sets of vessels, one devoted to the ‘conveyance of fluids to, and the other 
from, the leaf. There are also spiral vessels and s% muck cellular tissue and 
cuticle as may connect and inclose the vessels in the most compact forms. The figure 
of thcapetiole is rounded ; but in many instances the upper surface has a channel, and 
thence is called gutter •shaped. In other oases it is perfectly flat, or has processes on its 
sides which give it the appearance of winged ; or it is rigid, twisted, or hooked. The 
grasses and the Ranunoulaceoe have a sheathing petiole, or one which passes down the 
stem, and is so large as nearly to embrace it. It has at its point of connexion with 
the blade a little organ found universally in grasses, called the ligula (Fig. 184 a ), The 
petioles of the leaflets of a compound leaf are termed petiolules . 

The distal extremity of the petiole is the part^rst formed in the bud ; end when at 
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length, the whole is perfected it may be so closely connected with the stem that it does 
not break off when the leaf has decayed, but hangs with the remains 



Fig. 184.— A stem 
of a grass, with 
its leaf. 

а , petiole and 
ligula. 

б, sheathing. 
c, ligula. 


of the leaf until the following season. A stem thus covered is said 
to be induviate ; but in a majority of cases the petiole falls from'Vhe 
stem, and leaves a mark which is known «as the cicatricule. The 
angle between the point of insertion of the petiole and the stem is 
termed the axile or axilla, and is the normal position of the leaf-bud 
and the flower^ 

petioles have several important modifications. Thus in certain 
so-called lcaffbss plants, as the acacias, they assume the function of 
leaved, and arc ^ termed phyllodes ; but that they are veritable petioles 
is proved Tjy the fact that they bear leaflets at the earliest stage of 
their development, and have parallel veins, although occurring in 
exogenous plants. Such are the petioles in the JJiofiaa muse /pula or 
Venus’s fly-trap (Fig- 1), in which plant they are expanded laterally, 
and resemble the true leaves. This modification is duo to an unu- 
sual development laterally ; but there is another in which it proceeds 
solely in the longitudinal direction. {Such are tmdtils , or spiral-spring- 


looking organs, formed sometimes at 
the free ends of leaves, as in the pea, 
and at others at the side of the petiole 
itself, which twist around any fixed 
body to seek support for the climbing 
plant. (Seo Fig. 185.) 

There is yet a still more curious 
modification of development, that in 
which the petiole enlarges, not only 
longitudinally and transversely but 
within itself, by the 'separation of its 
vessels and the increased deposition 
of connecting cellular substances. 
Thus tho petiole becomes a tube, 
closed at the end by which it is at- 
tached to the stem, and open at tho 
other which is opposed to the blade of 
the leaf. This is the explanation of 
the formation of the interesting organs 
known as pitchers (Fig. 185*, p. 103) — 
- the pitchers themselves 4 being the peti- 
oles, and the moveable lid which closes 
them being the trye leaf. These 
pitchers have a further interest in 
the functions assigned, to them of 
containing a watery fluid, and in the 
unique fact of the secretions of this 
fluid by certain glands formed within 
them at their base. In certain plants 



Fig. 185. — The tendril, or elongated petiole or midrib. 


they are true fly-traps, and thus become direct organs of nutrition to the plant. 
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Stipules are leaf-like organs occurring in pairs at the point of connexion of the 
petiole with the stem (Fig. 184*). ~ — - * 

They are formed at the very ear- 
liest appearance of the leaf, and 
then are seen as two %mall tu- 
mours, continuous with the leaf- 
like expansion ; and since they 
grow more rapidly than the leaf 
itself, they at length become one 
of its protective coverings. They 




- 0 ._ . . - .. . Pig. 185*. — Exhibiting pitchers of various plants produced 

Fig. 184 .--A pair of stipules, from modified petioles, a, pitcher of surrucenia. b, pitcher 

&%£*&££&£ of nepeutea. I, pitcher of cephUotus. . 

usually assume all the external characters and internal anatomy of leaves (except in size 
and position), and, no doubt, perform the functions of those organs. In certain pod-bearing 
plants, as the sweet pea (lathyrus), they cannot be distinguished from leaves ; and, although 
they appear as distinct organs in certain roses, they sometimes subsequently become true 
leaves. In the polygonums and rhubarbs they do not assume this lcaf-like character, but 
appear simply as a membraneous, almost colourless, sheath, which surrounds the base of 
the petiole and the stem, and is known as 
an ochrea, (Fig. 186). When they are 
found at the base of the petiole of a pin- 
nate leaflet, they are distinguished from 
the stipules of the whole leaf by the 
term stipels. The stipel differs from the 
stipule in being developed after its leaf, 
and in proceeding in its growth very 
slowly. It is occasionally difficult to 
distinguish the stipule from certain mem- 
braneous parts formed at the base of the Fi &- 186.— Showing tbe ochrea, a , or stwath, snr- 
. . , « V, „ , rounding the stem in the polygonum, and which 

petio^g of the common crowfoot and urn- is a modified stipule. 

bcllifers ; and in most monocotyledonous or endogenous plants, they* are not met with. 

We have now completed our account of tho fully developed leaf, with its lamina, 
petiole, and stipules, without having as yet discussed the constitution of the embryo 
leaf or leaf-bud, because, although the leaf is developed from the bud, and the hud is the 
first to bo formed, yet in the earliest development of a plant the first leaf is produced 
without a bud, and passes through its course of development before a leaf-bud appears. 

Tho leaf-bud is an imbricated or scaly coniform organ, placed in the axis of a leaf, 
and is a rudimentary leaf or branch formed as {he growing season is about to cLmo. 
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la it, therefore, we rather find the place and the nidus in which the leaf will he 
formed in' the coming Spring than the parts of a leaf in a rudimentary condition* 
There are only two parts which need attention — the central 
growing point and the imbricated scales (Fig. 187). W 

The growing point is composed" of cellular tissue, pos- 
sessing special powers of vitality and growth, and connected 
with the horizontal system, or pith of the stem. There are 
no vascular structures within the point itself, hut spiral 
vessels and woody fibre approach near to. its base (Fig. 105 a). 
It had* a highly important function to perform, for not only 
is it the point from which all the future leaves must be 
developed, but it is probably the means whereby the circu- 
lation of the sap of plants is again effected after the quietude 
of the previous winter. To what anatomical part of the 
growing plant this “ pumping ” power is to be attributed is 
unknown, and the vital principle which excites it to action 
has not been discovered ; so that we must at present regard 
thiai property simply as being a part of its constitution, and 
of that of the plant as a whole. This growing point has a 
certain analogy with the embryo in the seed; inasmuch as both 
tend to growth and reproduction ; but they differ inasmuch that 
the leaf-bud needs no fertilization for its development, and 
propagates the individual as well as the species, whilst the 
embryo imperatively needs fertilization, and continues the 
species, not the individual. There is also a resemblance be- 
tween leaf-buds and bulbs, page 71. 

The imbricated scales (Fig. 187 5), are called tegmenta or coverings, since their 
duty is to protect the delicate growing point. 

They are foliaceousK>rgans, and are con- 
sidered to be identical with stipels. Tlio 
outer ones are usually harder and of ruder 
texture than the inner ones or those more 
immediately surrounding the growing point ; 
and in cold climates a further protection is 
afforded by a thick downy covering, as in 
willows, whilst the scales are thinner and 
smoother in plants growing in tropical 
regions. All the scales, at least in many 
..plants, i are ultimately developed into 
leaves. 

The normal position of a leaf-bud is in 
the axil of a developed leaf ; but, according to 
the opinion of certain physiologists, the sap 
has the power of producing buds in any Fi j^ 
position. It is well known that they have 
been produced upon the stems of plants and 
upon the leaves of the Jiryophyllum (Fig. 188) ; and the fleshy parts of most plants, as 
of the bulb of the Hyacinth, may, by ^are, be compelled to produce buds, and to repro- 


Figr. 187.-— The leaf bud, 
with its imbricated 
scales, 6, pointed extre- 
mity and cidatrix of old 
leaves, a. The growing 
point is inclosed and 
hidden by the scales. 



_ 188.— The leaf of the Bryophyllum alyei- 
num, in which leaves are developed at its bor- 
ders. 
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duoe the plant. Still such instances must be regarded as exceptional an<^ irregular f 
and hence the buds so formed are termed adventitious. 

ORGANS OF REPRODUCTION. 

The foregoing descriptions have referred to those parts of a plijnt which are con- 
cerned in maintaining its own vitality and increasing its development, * and may 
therefore be termed personal; but there are other parts which have for thSir functions 
the production of new individuals, and may thence tjp called relative . Such are the 
organs of fructification, and they are known generally as flower% seeds, and fruit. We 
shall consider these in their order. * 

The Flower is in part a reproductive organ, with certain pfotective coverings. It 
consists of various parts, as the bract, calyx, corolla, stamens, and pistils, in their order, 
proceeding from without inwards. 

The Inflorescence. — A number, of terms have been devised to enable us readily 
to designate tho appearance which the whole arrangement of fioweas presents upon the 
flower stalk, and it will be convenient to place them here before we enter upon the 
consideration of the parts of each flower. Such an arrangement of flowers is commonly 
termed tho inflorescence. • 

The flowers are immediately supported upon the stem in one of two ways ; either 
by a more or less elongated branch, or foot stalk, termed the peduncle , or by a flattened 
more or less fleshy organ, as in the Strawberry, known as the receptacle . The peduncle 
differs in no essential respect from the foot stalk of a leaf, its variation being merely 
that of size and form to enable it to support the flowers. When it supplies the place 
of a stem, as in the Cowslip (Primula), it is called a scape ; and when it is elongated, 
and passes in a straight line throughout the inflorescence, it is called an axis, or rackis, 
as in Grasses, Fig. 184 a. In many instances, as in the TJmbelliferce (the Parsley), it 
is divided into a number of lesser peduncles, each one still supporting many little 
flowers, and the divisions are termed pedicels. 

The receptacle is very commonly met with, fud more particularly 
in the most numerous class of plants, the Composites ; but it is there 
not fleshy, and is sometimes distinguished from the fleshy receptacle 
of such plants as the Strawberry by the term thalamus . The juicy 
part of tho Strawberry is the receptacle, as may be observed by 
noticing the position of the little seeds which are placed upon its 
outer surface. The reccp. 
tacle is the terminal grow- 
ing point of the stem, 
and is closely analogous 
to the flower head of the 
Arum, Fig. 192. 

ThS arrangement of the 
flowers upon the foot stalk 
or receptacle is primarily 

divisible into two classes Fig. 189.— The Catkins of the Willow, showing 
— viz., such as have n 0 a multitude of flowers sessile upon a common 

other intervening foot '• 

stalk, and then are called sessile or setting, and such as are stalked. The examples of 
sessile inflorescence are the Spike, Locusta, Spadix, *Catkin, Capitulum , and Glotnerulus. > 




Tig. 190.— The 
Spike. 
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Fig. 192. 


Fig. 193. 


Fig. 192.— -The inflorescence of the Arum, ®, the spadix inclosed by the spathe ; 6, the fleshy rachis, 
or spadix denuded of flowers ; e, the spadix covered with Bessile flowers. 

Fig. 193.— A Capitulum in the Com posit®, a, florets of the ray ; b t florets of the disk; c t floret of 
the ray detached ; d , floret of the diBk detached. 

The catkin , as in the Willow, so far resembles the locusta, that the coverings are not 
distinct from each other ; but it differs inasmuch that the rachis with the flowers falls 
in a single piece after fructification, whilst the rachis of the locusta is permanent. 
The Spadix , as in the common Arum, is an inflorescence with a fleshy rachis, to which 
the flowers are closely attached, and inclosed in the modified bract called a spathe, 
Fig. 192. The Capitulum is a head of flowers sessile upon a receptacle, page 105 ; and in 
the Composites the flowers are divided into two classes, Oho florets of the ray (Fig. 193 d) f 
which are usually ligulate or strap-shaped, and the florets of the disk , or centre, which 
are commonly smaller, Fig. 193 b and d. The Glomerulus consists of a series of heads 
in a common involucre. 

The second division, or those modes of inflorescence in which the flowers are each 
supported by a pedicle or stalk, is an extensive field, and comprehends the most beautiful 
flowering plants. It* is divided into the Raceme } Fascicle , Corymb , Cyme , Panicle , and 
Umbel. 

The Raceme is the simplest form, and consists of a series of stalked flowers arranged 
on a common peduncle (Fig. 194), the pedicels being of nearly equal length. When 
the lower pedicels are so much larger than the upper that the flowers are supported at 
nearly on equal height, so as to form a kind of head, the terms Fascicle and Corymb are 
applied, the former, as in the Sweet William (. Dianthus ), when the expansion of the 
flower is from within outwards ; and the latter when from without inwards. The 
remaining varieties of inflorescence are somewhat more complicated, since the stalks or 
pedicels are divided, and bear many flowers instead of one only. Thus the Panicle is a 
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raceme, each pedicel of which bears many flowers ; but where the rachis itself divide^ 
and no longer exists as an axis, the panicle is termed deliquescent, This # latter form 
givf s rise to another variety — the Cyme (Fig. 198), as in the Elder {Sambucus wiper), 



Fja. 194.— The RSceme, with 
its single stalked flowers. 



Fig.T.95. Fascicle. 



Fig. 196. Corymb. 



which consists of a series of deliquescent panicles that have become short and corym- J 
bose, with their central foot-stalks meeting at a common centre.— The last fof!h is the 
Umbel ^ and is divided into two classes, the Simple and the Compound (Fig. 199). The 
Simple Umbel consists of a number of corymbose branches, meeting at a common point, 
as in the Cyme, and differs from the Cyme only in that the branches are corymbs and 
not panicles. The Compound Umbel is distinguished from the Simple Umbel by the 
division of the pedicels, so that they divide and bear other Umbels. The whole head of 
Umbels is then called an universal umbel. 

Such is a written description of this somewhat complex and difficult subject ; but 
in order to a ready familiarity with the various kinds of inflorescence, it will be 
necessary to select the illustrations, and carefully study them with the descriptions, 
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find after a little attention it will be found that the eye will intuitively, as it were, 

recognise the leading forms. We now proceed to consider the several parts of which a 
flower is composed. 



Fig. 198.— The Cyme. Fig. 199.— The Umbel. 


The Bract is the outermost envelope, and closely resembles a foliaocous organ, and 
bears the like relation to the flower that stipules do to the leaf. Its colour iB more or 
less green, and as it oftentimes bears much resemblance to a leaf, it is not always 
readily distinguished from those organs. The rule adopted in making the diagnosis is, 
that all organs, of whatever size, form, and colour, which intervene between the true 
leaves below, and the flower above, must be bracts. This definition is too expansive to 
render the determination of this question easy in every case, and therefore much 
attention must he given by the botanist to each particular instance of difficulty. 
Whenever the last kaf on the one hand, and the Calyx (to be mentioned presently) on 
the other, can be clearly determined, then whatever intervenes must be of the nature of 
• bracts ; hut whilst it is to be distinguished from leaves only by its lesser size and 
higher position, and from the Calyx by its foliaceous character and lower position, there 
must bo great difficulty in determining its nature in many instances. In some plants it is 
necessary to know tho number of the divisions of the Calyx, and then to regard all 
parts external to these, even if almost identical in colour and structure, as bracts. 

So long as they resemble leaves it is not needful to attach to them any more parti- 
cular name than that of bracts ; but when they are sensibly modified, it is convenient 
to give them other designations. Thus in grasses they supplant all other coverings of 
the flower, and aro known as* Glumes (Fig. 200). 

The aiTangemcnt of the parts in the flower of the grass is so peculiar as to present 
much difficulty to the botanist, and consequently various designations have been given to 
the parts or organs. The threo parts which constitute the coverings of flowers are bracts, 
calyx, and corolla ; but, in this (great class of plants, either they do not exist, or they are 
incapable of separate definition. On reference to Fig. 200, it will be observed that 
there are a series of scales or valves connected by their bases to the common stalk 
on which they are supported, and having their apices free and oftentimes prolonged 
into beards or bristles. The oute^ones, b 1 , are large and empty, and arc suitably termed 
Glumes or Gluma exterior. Within these are a series of similar but smaller scales L attached 
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in like maimer on either side, and opposite to each other, b 2, and which ^differ fronj 
the outer ones in that they bear * 

the organs of fructification, and % ki j 

eaq£ one, in fact, is a separato lYl/ll 

flower. These have bcfin known 
as the Gluma interior , or more 
recently as the pales or chaff. With- 
in each of these is a third structure 
consisting of two minute and some- 
what fleshy scales, d , to which 
the term glumella or squamul has 
been given. Of thcso thiee struc- 
tures it is probable that the first 
or the external glumes have the 
greatest analogy to bracts. 

The Oupule or cup, as in the 

hazel-nut ( Corylus ), and acorn » |»\ |a 

( Onerous ), is another instance in t Im J 

which the bracts constitute the ML 1® aM » W 1 * \fflr 4 

covering of the flower. 

The Spathe is a largo bract m® 

coloured on its inner side, as in • 

the common Arum, and in palms, 
and in the numerous plants ar- 
ranged with them. In this in- 

stance there is much evidence rig _ 200 .-Th« arrangement of the flower, in Qraa.es. 
that the inner coverings of the a. A series of flowers arranged on a rachis or stalk. 

flower exist, but are indissolubly h ' ^The'empVy exSr^lume. 

connected with the bract. 2, The internal glume with the Organs of fructification. 

e * An internal glume enlarged and detached. 

In the Compost fa, or compound ^ An internal fleshy scale. 

flowers, as the rosemary, there are 

many rows of bracts around each head of ‘flowers on its external surface. This 
is called the common involucre ; hut besides these there are other bracts placed upon the 
head between the little florets, and from their resemblance to chaff they are called palea. 
In the sedge tribe ( carex ) each floret has two bracts adherent at the edges named 
urccolus , or perigynium. 

The term involucre is employed whenever a series of bracts surrounds a number of 
flowers. The word universal is also added in the umbelliferous plants, as the carraway 
seed (Carum Carui), to distinguish the common involucre 8f the ^hole head oMowers, 
whilst the term partial designates the involucre of each little division of the flowers 
(umbeflUles). • 

Perianth (Fig. 201) is a term employed to designate such flowers as have the two 
next coverings, the calyx and corolla, combined. Such 'is the .flower of the tulip and 
the orchis. In many instances the inner divisions of the perianth are more gaudily 
coloured than the outer ones, thus indicating tho separation into corolla and calyx 
which naturally occurs, and it is eustomary to describe the three outer leaves of the 
perianth as a calyx, and the three inner as a corolla. 

The Calyx is that covering of the flower whiclp externally is enclosed by the bracts, 




Fig. 201. Fig. 202. 

Fig, 201.— The Perianth. 

Fig. 202.— Showing the calyx, a, surrounding the corolla, b t and forming the external covcrmg. 

and general texture It resembles a foliaceous organ, and thus may usually be dis- 
tinguished from the corolla. When any difficulty occurs in determining the nature of the 
coverings of flowers, it is customary to regard the external series as a calyx, whatever 
may be its appearance, and thus no flower can bo without a calyx (except such as are 
composed of bracts only) ; whilst many are met with without a corolla. The calyx is 
evidently subservient to the corolla ; for, although it exceeds the latter in size up to the 
period of the unfolding of the flower, it usually becomes relatively smaller by reason of 
the growth of the corolla, and, in many instances, in the mature state of the flower, bears 
no proportion to the corolla in size. The calyx is commonly continuous with the pedun- 
cle, and is permanent ; but in many instances it is deciduous , and falls away on the 
opening of the flower, or immediately afterwards, as in the poppy and the Oruciferas, or 
pod-bearing plants. When the enlargement of the inner parts of the flower causes the 
calyx to fall, it usually separates from the peduncle in one piece, and is called operculate, 
except in falling it tye ruptured, when it is termed calyptrate . - r 

The calyx is originally formed of several distinct pieces, which are termed sepals ; and 
when, in its after development? these adhere to each other by their sides, and become but 
one tube, it is termed monosepalous ; but when they still remain distinct, each part is 
known as a sepal, and the whole calyx is termed poly-sepalous . The sepals have all the 
properties and analogies of common leaves, but havo ( the superadded function of protect- 
ing the essential parts of the flower. There is, however, one class of plants in which 
the calyx has exceptional characters, vis., the Composites, or compound flowers. 
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The flowers in this class are arranged on a capitulum , and are very numerous upon one, 
common receptacle. Each floret is perfect, and therefore has a separate calyx, either rudi- 
mentary or developed; which, on account of its membranous character, is termed pappus. 
Wlten its divisions are broad, it is called paleaceous^ or chaffy. The terms pilose (velvety), 
plumose (feathery), and seta (bristles), express various conditions unde? which it appears 
in its connexion with the ovary. • % 

The position of the calyx is described in reference to that of the central organ of 
reproduction, the ovary, and is called superior or inferior, as it appears to arise above 
or below that organ. But in truth it is pimply a question of appearance, for since the 
ovary is the central and final point in the development of the plant, all other organs must 
bo arranged around and therefore below it (Fig. 203). The calyx is consequently 
always inferior; but whenever it adheres to the ovary, or the parts surrounding the 



* Fig. 203. Fig. 204. 

Fig. 203. — Representing the relative positions of the parts of a flower, and showing that the calyx, 
corolla, and stamens must be below the pistil. 

Fig. 204. — Showing a condition of flower in which the calyx, corolla, and stamens are said to be 
superior because they adhere to the side of the pistil or ovary. 


ovary, so that it appears as a separate organ only at a point above* that organ, it is, in 
indefinite language, said to bo superior. Pappus iB a superior calyx, since it is closely 
attached to the ovary. The form of the calyx is a material incident in the description of 
a plant (Fig. 205), and many 
terms have been invented to 
express it beyond those which 
indicate the number of its 
sepals, and its permanency or 
otherwise upon the peduncle. 

Moreover the form and size 
of each sepal, and the charac- 
ter of its margin, are always 
referred to ; and the calyx is 
said to be regular or irregular, 
according to the uniformity 
or otherwise of its divisions. 

As a rule, the number of Fig. 205. — Different forms of calyx, a, tubular; b , inflated; 

, , i . , .« e. flattened ; all being monosepaloue, and the two former 

sepals has a relation to the ‘tiaving a dentated margin, 

number of the divisions of the 

corolla ; so that if there he five of one there will p jobably be five of the other. 
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» The Corolla . — The arrangement of tho various parts of the plant upon the stem is 
agreeable to a definite course in obedience to a known law, as already intimated, 
commencing with that of leaves and ending with the ovary. It has also been stated 
that each foliaceous organ is normally formod separately and not in pairs, or in grater 
numbers, and as the parts are not produced on the same plane or in right lines, but at 
different heights and in a spiral manner, each one appears to be alternate to the other. 
WlTcn the $arts are widely separated this is readily apparent, but when they are brought 
close together, the observer is deposed to doubt the fact. Tot in such instances they 
are never so closely arranged that they occupy, or appear to occupy, the same spot, but 
are placed more or less side by^side, and by multiplication ultimately encircle the stem, 
and are* said to be in’ whorls. Such whorls of leaves oftentimes seem to be on 



the same horizontal plane ; but if such be really the case, it iB an exception to the 
established rule. Thus it will be evident that the whorls of leaves taken collectively, 
cannot be on the same plane, but must be relatively above and below it ; and also that 
each member of the whorl will be alternate with a corresponding member of the whorl 
above and below it. Such is the rule, liable to many exceptions ; and when, as excep- 
tional cases, leaves are found opposite or in whorls . and not alternate, it is assumed 

• a that an intermediate leaf, or set of leaves, has 

been suppressed, or that the opposite or 
whorled leaves have each really split into 
two, and thus doubled the original number. 
This is a difficult subject for investigation, 
but it is highly probable that the former 
theory is correct. From this statement the 
reader will infer, that if the development of 
the tree begins with the formation of leaves, 
and ends with the production of fruit, the 

Fig. 206. —-Two diagrams exhibiting a ground i eavos and all parts between them and the 
plan of the arrangement of the parts in the w 

flower, showing mat the members of each fruit must be situated below the fruit. Thus 

whorl are alternate with those of inner and ^ bracts e winced above the leaves, the 
outer whorls, a represents the whorl of the ’ 

calyx, b the whorl of the oorolla. e the whorl calyx above the bracts, the corolla above 

pLtifor ovary?* 8tamenfl ' and * central the calyx, the stamens ahf#e the corolla; and 

finally, we arrive at tirtb pistil or centre organ 
of the whorle. The relatively external and alternate position of the various parts of 
the flower are well exhibited in the outline sketches in Fig. 206, * 

A knowledge of this fact is a fundamental one in botany, and enables us, at this 
point of our subject, to include all the parts within the term corolla which lie between 
the stamen internally and calyx externally (Fig 203.) ; and, moreover, whenever the 
calyx tod corolla are°not vety distinct from each other, the inner whorls of leaves are 
thus appropriated to the oorolla. 

The corolla, than, is distinguished from tjhe calyx by its normally superior and 
alternate position ; but it has a further characteristic in being unusually gaily coloured. * 
It is that part to which 1 the term flower is commonly restricted in ordinary 
language, and is longer and larger than any other part. It is almost invariably 
caducous, and falls very soon after the impregnation of the inclosed organs. When it 
consists of one piece, it is termed mono-petalous ; and when divided into several pieces, 
its divisions are known as petals ; and tho corolla is tri^petalous or poly-petafoue, accord- 
ing to the number of its petals. Tke number of petals is very variable ; and whilst it 



THE INFLORESCENCE. 


r emains tolerably fixed in the same species, so long as it retains its wild condition, it if 
apt to vary greatly when the same plant is cultivated. Thus, if we take the rose as an 
iUujtration, we find that its normal number of petals is five, as in the hedge rose ; but, 
wbfen cultivated, the number vastly increases, until a “ perfect” rose, in horticultural 



Fig. 207. A perfect Rose, having nearly the whole of its stamens converted into petals. 

language, should present to view nothing but petals (Ff]g. 207}! Whence, then, has 
the rose obtained its additional petals ? Not from new formations, since that would be 
in opposition to the established law of development, but from a modification of other 
organs which were originally formed for another purpose. This applies not only to the 
corolla, but to every part of the flower ; and, as a further rule, it may be remarked, 
that the parts so modified are usually, if not invariably, those which are naturally 
placed higher on the stem than those into which they become transformed. Therefore 
the petals are not produced from copals, and sepals from bracts ; but, on the contrary, 
the bract may assume the place of calyx, and the calyx that of corolla. The newly- 
formed petals are thence the product of transformed stamens, or the parts of fruotifipa- 
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tion which lie immediately within the corolla. In this mode the number of stamens 
di minish es m proportion as that of the petals increases ; and this transformation may 
readily be traced in any garden rose. The gradual conversion of the one into the other 
is well exhibited in Fig. 208. 

It thus becomes evident that the 
number of the petals can seldom be em- 
ployed with' certainty as a distinctive 
mark in the classification of plants. But 
yet it is not without its value in such 
plants as retain their natural habits ; and 
the more! so when it is known that a$y 
increase is usually that of a r multiple of 
the original number, as that five petals ri £* 208 » representing the conversion of stamens 
become ten or fifteen. mto peU1# > 1x1 the Water - m y Wvmpha ro alba). 

In respect of position, the corolla naturally places itself below the ovary (Fig. 208) ; 
but whenever it is so attached to the side of the ovary, so that it separates itself only 
when above that organ, the relative terms of superior and inferior are still omploycd. 
Thus all corollas are said to he either superior or inferior. 

As a petal is the analogue of the leaf, it is probable that it will have similar parts ; 
and thus we describe the expanded part as the lamina , and the contracted part by which 
it is inserted as the unguis , or claw. In many instances, as in the rose, there is no unguis, 
just as many leaves are destitute of petioles; whilst in many others the claw is seve- 
ral times the length of the lamina, as in the pink, and the petal is termed unguiculate. 
The short claw of the petal of the Crowfoot (Ranunculus) has on its inner surface a 
small gland which secretes honey, and is a true nectarium (page 69), but which may 
probably be a modified stamen. 



The forms of the corolla are extremely numerous, as is familiar to every one, and 
require special designations. If we first examine a monopetalous corolla we find three 
parts, which, by tfcejp* variations, give variety of 
form. First, there is the expanded portion, which 
/ consists of a series of lamince, connected at their 

margins, and which has its free border more or 
f 'WA loss indented or divided in such 

l ^ B w a manner that the divisions are 

regular or irregular (Fig. 210) ; 

Mr secondly, the tube, constituted 

#jfF of the united, edges of the claws ; HH " 

/W and, thirdly, the point at which 

wm the tube is inserted, or expands 

W into the expanded laminae, which jw 

■ *s termed the faux or throat. In m 

■ a few instances, other parts enter m 

H into the formation of a corolla, Fig. 210. — a, a regular, and b, an 

ft as the corona or cup observed irregular corolla. 

® around the throat of the Narcissus (Fig, 209), and the true Nsctaria , 

Narctous* or k° ne 7 s P ots > 80 we ^ known tq the honey-bee* A campanula^ or 
wiiroundiug rCl8S tie boll-shaped corolla (Fig. 210 a), as in the Campanula, has little 
throat* or no tube ; and so in like manner with the flattened rotate or 
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Fig. 212 Hypocrate- 
_ riform corolla. a, 
• daliate. 


Fig. 211. — Ringent corolla. 


wheel-shaped corolla. The tube is greatly elongated at the upper part in the hypocraUri - 
form or salver-shaped corolla (Fig. 212) ; whilst the infundibuliform t or funhel-shapetT 
corolla, differs from the latter chiefly in having the tube expanded at its upper part. 
Th<j?e is yet another form of mcnopelatous corolla, called the labiate, and which offers 
t the greatest resemblance to the 

in fundibuliform variety. Its dis- _ 

f tinctive mark is the division of 
A. '('(wMKBsSa the expanded part into two por- f 

%r tions, which in some # degree re- II . 

scxnble lips (Fig. 210 £),mnd are so V H7 

^ placed that one is,called the lower xf*M 

\ and the other the upper lip. •When a y 

* they are widely separated, as in W 

1110 dead nettle * 4110 corolla is said „ 2 „ ._ HypMMt ^ 
to be fingent (Fig. 211), or grin- # riform oorolfo. a, 
ning ; and when the upper lip is dalfote. 
hollowed and expanded, as in the Monkshood, it is called 
galtate , or helmet-shaped. # When, on the other hand, 
the lips are pressed closely together, as in the Snap- 
Fig. 211.— Ringent corolla. dragon, the corolla is said to be personate . These are 

fanciful terms, but yet in many instances give a 
familiar idea of the forms to be represented. 

The forms of a polypetalous corolla are perhaps less varied than those now 
described, and, for the most part, will readily suggest the names by which they are 
designated. Such, for example, is the cruciate corolla, which is divided into four parts 
like a Maltese cross, and having six stamens, four of which are long and two short. 
There is, however, ono very marked variety, which offers some complexity, viz., 
that of the Pea, and many other plants, called the papilionaceous or butterfly- winged 
corolla (Fig. 213). Such a corolla has also five divisions or petals, four of which arc 
arranged in pairs, and one separately. The pSirs form the carina , or keel, a , and im- 
mediately inclose the sexual organs ; the alee, or wings, 
b, which lie on either side of the carina ; and, lastly, 
the large t exillum, or standard, c. The two former names 
are not inappropriate ; but the latter one might have 
been well exchanged for some term designating a sail. 

The anatomical structure of the corolla differs in no 
^ essential respect from that of leaves. There is, however, 
a greater delicacy of organization, and variation in the 
relative proportion of parti. Thus, whilst tbgre are 
stomata as in loaves, they are fewer, and are accom- 
1 l! of eoTona 1 ’ lhOnft ° e0U8 f ° rm P 1,miod b 7 a smaller quantity of th^ parenchyma. The 
a, the carina or keel veins of the corolla contain a larger proportion of spiral 

c\ the vexiUum or standard, vessels, and less of woody fibre, than is found in leaves. 

The colours, even the pearl white met with in the corolla, 
are due to a colouring matter termed chromule (page 53), placed within each individual 
cell ; and so carefully is this distributed, that adjoining cells may vary considerably 
in colour. The function of Hie corolla is that of lpaves, with the superadded one of 
protecting the organs of fructification. 


Fig. 21?* Papilionaceous form 
of corolla. 

a, the carina or keel 

b, the a he or wings. 

c, the YexiUum or standard. 
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The Stamens.— We now enter upon the description of the essential parts of the 
flower— v&., the sexual organs, or those parts concerned in the process of reproduction. 
All the organs which have hitherto been described are accidental, and not essential, 
since many plants are met with without them, and since their sole duty is to minuter 
to the wonts of these central and ultimate objects of vegetable organization. No plant 
exists which has hot organs of reproduction of a higher or a lower grade of organiza- 
tion; whilst many are wanting in every other accessory structure. 

The stamens are placed within the corolla, and immediately surround the central 

* point or pistil, and ore regarded as the male organs 
- of reproduction. When longer than the corolla, they 
are gaid to be exaerted (Fig. 215) ; and when shorter, 
they are included (Fig. 214). Their number is very 
variable, from one to fifty, and even more ; add from 
the causes already mentioned (page 112), it is not 
permanent in the same plant, or the same class of 
plants. It is, however, commonly the samo as tho 
petals and sepals ; or, if it vary, it is a multiple of 
that number (Fig. 215). They may constitute one 
whorf only, which will consist of an equal or double 
number of the petals, and if of the same number, they 
will bo alternate with them ; or there may be several 
whorls, all of which lio nearer and nearer to the 
pistil, and follow the same law as the outer whorl. 
It is not an unusual occurrence to find the stamens 
placed opposite to, and not alternate with, tho petals, 
or with an inner whorl of themselves *, but this is an 
abnormal condition, and arises from the suppression of alternate individuals or whorls. 
This may be readily understood by reference to Fig. 206, in which the stamens are 
» double the number of the petals ; 

so that* each alternate stamen in 
the whorl will be alternate with, 
and each other stamen opposite 
to, the petal. If, therefore, these 
stamens be removed, or placed 
in an inner whorl, which are 
opposite to the petals, the sta- 
mens will then be alternate with 

the petals ; and thus the normal mens, c, arranged ai- 

™5iT number ftnd Potion oi the ^“and 1 ^ th h X 

of extorted stamens to the petals. ^ fl ower produced. But petals, b, and sepals, a. 



Fig. 214. 

a, the central pistil. 

b, the stamens included. 

c, the corolla. 
d 9 tho calyx. 




if, on the other hand, the suppressed stamens are the alternate and not the opposite 
ones, the flower will become more abnormal by the alteration. 

The stamens are also neceasarily placed on a plane lower than that of the pistil or 
ovary, and, therefore, must be inferior, as represented in Fig. 203. But not unfrequently 
they are said to be superior, from the attachment which they contract with the sides of 
the ovary (Fig. 204). Three Greek terms have been devised to express this apparent 
relation in position between the gtamens and the pistil-— vie., Hypogynous , as in the 
Poppy, when normally placed beloy the ovary (Fig. 225) ; Epigynoua , when growing 




Fig. 217. Fig. 218. Fig. 219. 

Fig. 217.— Peri gynous stamens. 

Fig. 218. — Kpi jf ynous stamens. 

Fig. 219. — Monodclphous stamens of the Mallow; a, forming a tube ; 6, pistils. 

The point of insertion of the stamens is into the peduncle, at its terminal point ; 
but sometimes they contract adhesions with themselves, which give such plants a 
distinctive peculiarity. Thus of ten stamens in the Pea tribe of plants, nipo are united 
ra together, and constitute a bundle, to the exclusion 

R of the tenth (Fig. 221 a). In the Geranium and the 

Mallows the whole 

1110 united into one ■ N xsjiL 

« \ vS body ^ igure 219 ^ ; m 

there arc three, four, \||||j| 

or more bundles. These conditions are JtjSjjl 

Fig. 220.— Poly- Fig. 221.— Di a del- expressed by Greek words, which signify WJjuf 

delphous stamens. phou. stamen,. ^ numbcr of bundle8 or brotherhoods. g# 

Thus the Geranium is Jdonodelphous (one brotherhood), the Pea Diadel - mJjlrJ 

photts (two brotherhoods), and the Hypericum Triadelphous or Poly del- |ib| 

phone (three or many brotherhoods). This, union of the anthers refers to HI Vi 

their lower parts, and is sometimes so close as to have received the name of nullf 

columna, or gymnoetemium , as in Orchids ; but there is another which has KB, 

exclusive reference to the upper — viz., such as is met with In the Composites. * flftHj 

Like that great class, the number of stamens in each floret is usually five ; mmj 

and tliey are so connected together at the top as to form a tube* through jylD 

which the pistil passes (Fig. 222). Such a condition is termed Syngeneeia V 

(to grow together). Again, there are differences in size Us well as position, M 

both accidental and essential. The accidental are such as have shorter ones, pig, 22 ?— 
from an uneven development within tho period of growth, either from s J n| the^tal 
original tardiness of appearance, * or from some subsequent hindrance to mens united, 
growth. This may be well seen in the Poppy, in vhich the great number m b * 
of stamens offers a facility for this kind of investigation. In the oxalis, also, thro* (hem/ 


Fig. 220.— Poly- 
delphous stamens, 


Fig. 221.— Diadel- 
phous stamens. 
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Fig. 223. 


Fig. 224. 


Fig. 223. — Pydynamous stamens. 
Fig. 224. — Tetradynamous sta- 
mens. o 


It is not t&iusual to find one-half of the stamens shorter than the other. The essential 

differences in size are such as are permanent in the 
same species ; and of these there are two cxamoleB. 
Many flowers with a bilabiate corolla, as the Foxglove 
and Mint, have two long and two short stamens; 
whence they are called Didynamous (Fig. 223). The 
cruciate corolla, as in the Turnip and Radish, 
Las usually four long and two short stamens; and 
*to them the term Tetradynamous (Fig. 224) is aptly 
applied: 

The number and arrangement of tho stamens was a 
chief element in tho classification of Plants by Lin- 
naeus; and of the twenty-four classes arranged by 
him we- have f now referred to five. Eleven others 
vary Bimply according to the number of stamens, 
from one upwards, and are named from Greek words having that signification. Thus 
Monandria signifies one, stamen ; 

Diandria , two stamens ; and so on to 
Dodecandria , which represents twelve 
or more stamens up to twenty. 

Two others — viz . Icosandria am’ 

Polyandria — have an indefinite number 
of stamens, which in the former are 
perigynous, and in the latter hypogy- 
nous (Fig. 225). Thus no fewer than 
eighteen out of twenty-four classes 
are arranged according to the number, 
length, and place of insertion of the 
stamens. 

Wc have hitherto regarded the 
stamen aB a whole, but it is naturally 
divisible into three parts, each of 

which has special functions and analogies. Theso are the filament , anther , and its 

contained pollen , the -first of which may be 
entirely absent. 

The filament is, as its name implies, a 
thread-like organ, attached by its base to the 
peduncle, and by its apex to the anther, and 
Fig. 228.— Different forms of stamens, a , lily ; is simply a pillar on which to rest the 
ginger*; /^sage/' ^ otatoe ' d * berberr * » e * latter, and a conduit through whichnvesscls 

and fluids pass for the nourishment and 
growth of the pollen and iis case — the anther. It is the analogue of the petiole 
of the leaf, and like it consists of a bundle of vascular tissue, enveloped in cells, 
and a delicate cuticle. Its figure is seldom quite cylindrical, but more com- 
monly tapers towards the top, when it is said to be awl-shaped. In a few in- 
stances, as in the Meadow Hue, it is the thickest at c the top; in others it is spiral, or is 
bent like an elbow or knee (geniculate), or bifurcates into two branches. In some 
instances it assumes a foliaceous form, and likewise in most sterile stamens. The 



Fig. 225 . — The Puiyandrous flower of the Poppy. 


which iiita special iuucviuus auu anaj 
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outer whorl is the most subject to this modification, and also to the transformation into 
petals. Its colour is usually white ; but in the Evening Primrose and the Fuschia it is 
coloured. 

The anther is essential only so far as it protects the pollen, which is the male essence 
in the plant. It consists of a series of cells, which are attached tef the top of the fila- 
ment in three recognizable modes. First, when the base of the anther- case, ib connected 
with the apex of the filament {innate, Fig. 229) ; secondly, when the union is at the 
back of the anther {adnate, Fig. 231) ; and, thirdly, ^hen it is so slightly attached, as 
in grasses, that it can swing freely in almost any direction {vcrJhtile), Fig. 237 b. This 
and other facts will be better understood by a reference to the analogies of the anther ; 
for as that organ is the modified lamina or blade of the leaf with its edges so folded that 
it can'inclose contents, it would evidently be expected that in its normal state it should 
be attached to the filament or petiole by its base. 

This view of its construction will *ilso lead us to infer that there are two cells (one 
on each side of the midrib), with two points of union — viz., otic behind, called the 
midrib, or dorsal suture, and one in front, known as the newly-formed ventral suture. 
There will also be one line of separation or division— vis., that lying between the dorsal 
and the ventral sutures, called the connective. • Such, it is probable, is the normal type 
of construction of the anther ; but in the extremely modified form in which the leaf 
thus appears, it is no matter for wonder if the relations of parts should be found much 
altered. Thus the connective is sometimes absent, and then the anther is one-celled ; 
and, on the other hand, a new septum arises across each cell, and the organ becomes 
four-celled ; and this latter, according to the investigations of Schleiden, is the more 
common form of anther (Fig. 227). 

Its actual construction is best seen at the period of its opening or dehiscence for the 
expulsion of the pollen, and the precise mode of its rupture has been carefully investi- 



Fig. 227. Fig. 228. 


• • 

Fig. 227, representing a cross section of an Anther. A, the connective with the bundle of vessels at 
a » B, the halves of the Anther corresponding with the halves of the leaf; d , processes sub- 
dividing each lateral half, so as to form four loculi or cells. * 

Fig. 228.— Exhibiting the ordinary mode of dehiscence at a, by longitudinal fissure, leaving the cell 
open, and some grains of pollen attached , and at ft, the opening by the rupture of the valve or 
face of the Anther c, which then curves back, as in the Berberry. 


gated. It is certain that the Igne of rupture runs longitudinally along the ventral 
suture, and not transversely, except in a few instances, as in the Duck-weed (Lemna), 
Fig. 226 b, and that the cells open by a separation of two portions or valves, which 
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diverge more or leas widely from each other, and thus give the appearance of a one- 
oellcd organ. In many plants the cells arc cither unequal, or one only is developed, as 
in the Sage (Fig. 226/}, Canna, and the Arrowroot plant ; or after the commencement 
of the process of development the two cells become confluent, and produce a single dll. 
As each cell will t havo a separate line of dehiscence or fis&ure, a two-celled anther 
will have {wo Assures, and a four-celled four Assures, and the latter is probably of 
comtnon occfirrcncc. But besides the number of Assures, there are othor points of dis- 
agreement with the general law. f Thus in a few instances the pollen is emitted not by 
a Assure, but by small £oles, or perforations ; or the Assure does not occupy the whole 
length of the cell ; or the cells flurst first into each other, and then have a common dehi- 
scence ; & a large portion of the whole face of the anther comes away in a piece (Fig. 
228 b). But however much so minute a matter may vary, it is of importance to bear in 
mind that it proceeds on a Axed plan, and that its whole organisation has a known 
correspondence with it. 

When the line of dehiscence is towards tho petals, the anther is said to be extrorscc, 
and when inwards towards the pistil, it is called introrsa. The lining membrane of tho 
Cells is called Endothectum , and usually consists of Abro-cellular tissue, whilst the pollen 
occupies the position of the normal parenchyma. 

The Pollen . — The parts of the stamen already described seem to include in their 
analogies the whole leaf ; for the Alamcnt represented the petiole, and the anther the 
lamina, with the parenchym in which the pollen is deposited. But yet there is another 
and the most; essential part of the stamen as yet undcscribed, and one which has also 
its analogies in the leaf itself. This substance is known as the pollen , and is the imme- 
diate source of fructiflcation. It is a powdery substance of various colours, but more 
commonly colourless, as may bo noticed upon any fully-developed flower. It is 
that material which is shaken like dust from the flower, and which is not un- 
froquently adherent to the nose when that organ is searching out the sweet odours of 
flowers. 

Its normal positi&n is the anther case, where it remains until it has arrived at a 
stage of maturity fitted for the performance of its functions, 
when it is emitted by the dehiscence or sudden rupture of the 
anther, or pollen case, and is ultimately deposited upon the free 
end of the pistil. The quantity of small grains of pollen upon 
a single stamen is immense — infinitely greater than is needful for 
the fertilization of the pistil ; but that is a wise arrangement to 
insure fructification, despite the influence of winds, the sterility 
of some of the stamens, and the irregularly-placed pistil. If our 
readers will examine any half-dozen plants, which may be near 
t(f them} in full bloom, and notice the relative height of the 
pistils and stamens, they will wonder not why so great a waste 
pf pollen has been provided by nature, but that the fertilisation 
should be effected with so much certainty. The improbability of 
this occurrence is of course greater where the male and female 

parts do not exist in the same flower ; yet not only does it pro- 

ceed regularly where there are separate flowers for males and others for females, but 
in our large forest trees, in which one tree has paalo flowers only, and another 

only female flowers. In such casas the pollen is carried by the wind— that very 

influence which at first sight seemed more likely to cause an entire waste of the 



Fig. 229. — An an- 
tlieropencci longi- 
tudinally, and 
exhibiting pollen 
grains within its 
cells. 
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fertilizing material ; but in other instances, as in the Bee Orchis (Fig. 230), it is pro-* 

bable that insects and birds are the means of con- 
\jfr y veying the pollen to the pistil. 

9 Before we describe the influence of the pollen, it 

* is needful to refer to the anatomical characters of 

l\ir that substance. The pollen appears to th^ naked qye, 

M/*L or with a lens of low power, to consist of a number 

of particles or granules, of various sizes and figures, 
Jm i which are technically germed cells. The more com- 

*%Bk? mon figure (as is the case in all cells which lya loose), 

is spherical, or oVoid ; but Jhe most diverse forms have 
• been noticed. . Thus they are square in the Bladder 

^ and whether they Fig:. 231. -Exhibiting adnate stamens 

4 a . . . . x \ and a pistil elevated much above the 

Fig. 230.— An Orchis, with its gy- ma v be attributed stamens, 

nandrous flower. J 

to pressure atf in 

the cells of cellular tissue, is not known. 

When examined with high magnifying powers, as with the eighth of an inch ob- 
ject glass, they are found not to be simple cells, but cells having a cell- wall divisible 
into two or three layers, and inclosing a turbid-looking fluid, termed fovilla . Tho ex- 
ternal layer of tho cell-wall is usually itself composed of cells, and is called the extint ; 
whilst the inner one is of greater delicacy and extensibility, and known as the in tine. 
In some instances, as in the Yew, there is a third membrane between these two, and 
named the exintint , whilst in the Evening Primrose a fourth has been described as the 
intexint. It is probable that all pollen cells have the two fyrmcr j^but it is not indubi- 
table at present that the two latter are at all commonly found. * 

Th vefovilla usually consists of two portions, which are in constant motion, as may 
be seen in the garden plant, Clarkia pulchella, one of which is largSr and more oblong 
than the other; and as it differs from all other vegetable, structures, it is presumed to 
be the fructifying substance. 

Such is the structure of the pollen before it is applied to the stigma ; but after it 
has commenced its fructifying function it exhibits characters unseen before. Thus, 
immediately it has fallen upon the # soft viscid tissue of the pistil, it begins to emit one 
or more minute processes, which traverse the lengtfi of the pistil, and are called pollen 
tubes (Figs. 232, 233) . These tubes terminate in the pTacenta, and thus constitute a medium 
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of communication between the pollen upon the surface of the pistil and the young 
embryo. It is presumed that some undetected material is con- 
veyed through the tube, which is the immediate sourco oft^erti- 
lization ; and it has been observed that the flower has begun to 
fade immediately after this occurrence, as though the function of 
that organ had then ceased. 

How minute and wonderful are the structures and their 
functioUj found in vegetables ! equally so with anything known 
in the c animal creation. Thus all the parts of a plant, external 
to the stamen, are created in perfect subserviency to the func- 
tions of that oVgan ; and of the stamen itself how small a portion 
seems to be essential. The filament supports the rather, the 
anther incloses the pollen, the cell-walls of the pollen inclose a 
little matter, and it is only a part 
of that ultimate production which 
is essential to the function for 



plant 


chiefly 


Fig. 232.— Pollen tubes, 
passing from the pol- 
len, a, through the 
conducting tissue in 
the pistil of an Antir- 
rhinum. 



which the 
created ! 

Before leaving this part of our 
subject we must refer to a sub- 
stance lying between the true 
stamen and the pistil, and which 
is considered to consist of unde- 
veloped stamens. It is known 
as the dish (Fig. 241 c), and 
appears under various forms, according to the so-called superior and inferior positions 
of the ovary. In the Composite and Umbellifer®, with their inferior ovary, the disk 
is a fleshy body, placed upon it, and oftentimes assumes a scaly appearance. In 
others, as the Dead-nettle and other labiate plants, it is found beneath the ovary, and 
has some resem blan ce to glands. As it is a mass of undeveloped stamens, its position 
will always be below the ovary, although it may adhere to that organ, and seem to be 
perigynous or epigynous. 


233. —Pollen tubes in the 
(Enothera biennis. 



Fig. 234.— Grains of Pollen ; a, Fuschia ; ft, Scirpus romanus ; c t Salvia; d t Armeria fasiculata ; 

e, Acacia. 


The Pistil. — The pistil is the female part of the flower, and the central point 
around which all the organs placed upon a branch are arranged. It is usually 
a complex organ, and oftentimes compounded of many leaves. It is readily distin- 
guished by its central position, and the dissimilarity between it and the stamens in 
height and form, and more particularly by the absence of an anther at its apex. Occa- 
sionally it puts on a foliaceous appearance, as in Fig. 235. 
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In a majority of instances it is alone ; but not ^infrequently there are several pistils 
so as to constitute one or more whorls. When only one exists, it is termed Monogynia , 
fr<^ two Greek words signifying one 
female. Bigynia will signify two pistils, 
and so on (as was explained with regard 
to the stamens), until we arrive at Bo- 
decagynia , which represent about twelve 
pistils. In this mode eleven orders are 
added to the classes referred to at 
page 118; and to these one other is 
appended — viz. Folygynia, , which sig- 
nifies an* indefinite number of pistils. 

The number of pistils, as well as of 
stamens, forms an essential element ift 
the Linnccan classification, and is so 
employed that a plant with one stamen 
and one pistil would be arranged in the 
class Monandria, and order Monogynia. • 

The pistil, like the stamen, is divisi- 
ble into three parts, each of which, as 
well as the whole, being a modification 

of the parts of a leaf. They are, first, Fig. 235, showing a Pistil with recurfed ends, and 
He free end or apex, called He stigma havinB a leafy cUaractor - 

(Fig. 236 d) ; second, the dilated base, or ovary (b) ; and, third, the intermediate struc- 
ture, or style (c). 

The stigma is one of the few external parts met with in vegetables, which are not 




Pig. 236. — The pistil in section, showing its turgid stigma, d ; the style, with the conducting tissue, e : 
ovary, b ; peduncle, a. 

Pig. 237. — A, a pistil with notched stigma; B, versatile stamens. 

Fig. 238. — Stigmas with collecting haias. 

• 

covered with cuticle,— at least iu the vast majority of instances. Its surface is usually 

----- » 
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1 ^turgid, aijd covered with, a viscid tenacious fluid. It is either simple or divided 
into two or more parts, and when divided the divisions for the most part arrange them- 
selves in a whorl. The simple form has also usually a notch in the side (Fig. 237#) A), 
indicating the normal division of even a simple stigma into two parts (see page 126). Vhe 
anatomical character of the stigma exhibits a series of cells of Various sixes, bounded on 
the sides by another series, which are the cuticular cells. It is in direct connexion with, 
and 'in fact is formed by the conducting tissue , to be described with the style, and through 
which the pollen tubes pass (Fig. 232). The function of the stigma is that of collecting 
the granules of polleni upon its surface, and conveying the emitted pollen tubes to the 
style. It is oftentimes assisteS in the collection of the pollen by hairs which surround 
the style, and which, by thq,movemeilt of the air, are enabled to sweep the pollen out of 
the ruptured anther (Fig. 238). Whether it exercises any influence upon the pollen, rib 
as to cause it to emit its pollen tube, or whether the property of emission is exclusively 
that of the pollen is not known. The part of aAcaf with which it corresponds is the 
very apex of the mxlrib; and as the leaf is folded inwards on each side of the midrib in 
order to form the pistil, it is manifest that the stigma will be formed by the two surfaces 
folded together, and thus be double and lateral (not absolutely terminal). It is present 
in all fertile plants, except ifl such trees, as the Fir tribe, in which the seeds are naked 
(Fig. 249), and is stalked when situate at tho end of the style, and sessile when the style 
is absent, as in the Poppy. 

Style . — This resembles the filament of the anther ; and as its function is that of sus- 
taining the •stigma at a convenient distance from the ovary for the reception of the 
pollen, it may be entirely absent. It varies in form, being flattened and leaf-like in 
the iris, very thick and sometimes angular in other instances, whilst its most usual 
character is that of a thread-like or tapering process. It is almost always colourless. 

The anatomy of the style is somewhat peculiar, since it not only has bundles of 
vascular tissue inclosed by a cuticle, as in the filament and the petiole, but there is a 
superadded structure called the conducting tissue (Fig. 232). This tissue is of cellular 
character, with the cells loosely arranged; and probably is a prolongation of the placenta 
(page 126). It is connected above with the stigma, and below with the ovary, either 
at its highest point, as is usual, or at its side, and varies much in quantity. It is 
analogous to the elongated midrib of the leaf. 

The Ovary . — This is the expanded base of the pistil, and is destined to contain tho 
seed, and to become the fruit. It is therefore a most essential -part of the organs of 
reproduction, and is the seat of the latest developments of the plant. It is a hollow 
organ, consisting of a single cell, or divided into two or more compartments, in each of 
which one or more ovules or seeds are normally found. The ovules are attached to the 
! ovary by the intervention of a small mass of cellular tissue, called (from its analogue in 
animalri) the placenta , and not 1 unusually have an intervening thread of tissuo named * 
the funis. € 

The form of the evary is usually spherical or conical, but sometimes it is flattened 
and angular. The size varies very much. It is usually sessile, or sitting upon the 
end of the peduncle ; but in a few instances, as in the Passion flower, it is supported on 
a long stalk. 

The analogue of the ovary is the lower expanded portion of the leaf, or, more pro- 
perly speaking, the whole of the lamina except the tesminal extremity of the elongated 
j midrib. This is the type of the cozbtruction of the ovary ; and one which enables us 
to determine the conformation of the dvary with considerable accuracy. We shall now 
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Fig. 239. 

c and d represent a single and double car- 
pel, 'with a and b to illustrate the mode 
of construction out of a leaf. The lower 
expanded portion is the ovary, and the 
free upper end the stigiqp. There arc 
two carpels ; they face each other at d 
and b. e 9 the ventral suture; /, the 
dorsal suture. 


direct attention to this interesting hut difficult subject ; and in doing so shall consider 
the pistil as a whole. # 

y* we take up any oral sharp-pointed leaf, such as that of the Poplar, and fold its 
edgfis together, so as to inclose the upper surface, 
we shall have the mode* of construction of the 
ovary. It will then present an internal cavity 
without any partitions, bounded on each side by 
a plate or valve, which is the half of the lamina 
on each side of the midrib. There will also be 
two lines of union, or sutures, one on the back 
formed by the midrib, which in the leaf naturally < 
unites the two sides of the lamina, and the other 
in front, formed by the union of the edges of 
the leaf. The former line of union is polled the 
dorsal, and the latter the ventral suture. Each 
ovary will thua have an expanded base and a 
narrower apex, with a single cavity, two lateral 
pieces or valves, and a dorsal and a ventral 
suture lying between them. Such an ovaiy 
is termed simple ; and as it develops the placenta 
upon the inner edge of the ventral suture, the 
placenta will be partly attached to one side and 
partly to the other, and thus he double. So, in 
like manner, with the stigma above mentioned ; 
it is situate at the extremity of the midrib, on the ventral suture, and will be formed 
by both sides, and consequently be double. The style, when it exists, will have, on its 
dorsal aspect, the vascular structures belonging to the midrib ; and on its anterior or 
ventral part, the new tissue described as the conducting tissue (Fig. 228), which will 
either be a mass of placenta) or a prolonged glaconta. Thus the? stigma, conducting 
tissue and placentae, occupy the ventral suture ; whilst the vascular tissues are formed 
at the dorsal suture. 

This description will apply equally to an ovary, which consists of many such leaves, 
so far as each separate leaf or carpel , as it is then termed, is concerned, provided the 
development of each port proceeds normally. But something further must he said in 
reference to the arrangement of the leaves or carpels. 

If the various carpclc are so situated that they are not connected with each other, 
the ovary is called Apocarpus (Fig. 240) ; but if, as is usually the case, they are closely 
and indissolubly associated, the ovary is said to be Syncarpous (Fig. 241). When only 
two carpels are formed they may be placed side by sidd, that •is, with their central 
sutures having the same direction ; or facing each other, when the some sutures will 
regard each other (Fig. 239). If three or more carpels are formed, fyey will, in obedience 
to a general law, be placed in a whorl, and consequently have all their dorsal sutures 
directed outwards, and their ventral sutures directed iflwards, or towards a common 
centre. As the carpels will thus be placed side by side, there will be spaces, however 
small, between them ; and thus there will be alternately a carpel and a space (Fig. 243). 
The space will be bounded by a parpel on either hand, and may therefore be said to 
have double walls. The space and the boundary walls are together called the distepi- 
mentif or septa ; and when the carpels are united into one mass, the whole may* bo 
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Regarded as one cavity, divided into several compartments by these septa, as in 
fhn Orange, 'which exhibits an ovarium of ten carpels. These compartments are 
called cells ; and an ovary made up of many carpels is said to have so many cells^ as, 
for example, a four-celled ovarium (Fig. 242). But it often- 
times happens thq^ the septum becomes imperfect, and thus * 
reduces tjie number of cells or compartments ; and should 
thiff be thef case with all the septa, a many- celled might 
be reduced to a one-celled ova^um, as in the Poppy. So 
far, then, a compound^ ovary consists of a whorl of carpels 
and a number of cells and sef>ta. Its style will also bo 
compounded of the midribs of so many leaves, and have an 
equal number of bundles o*f vascular tissue and lines of 
conducting tissue. The stigma will be compound, and 




Fig. 240. 



Fig. 241. 


Fig. 240. — Apocarpus ovary, m which each pistil is separate. A, situate within the rows of stamens 
on the flower ; B, detached 

Fig. 241.— A syncarpous ovary, or an ovary in which the carpels arc indissolubly united, a , ova- 
rium j 6, limb of the calyx, united to the side of the ovary ; c, the disk surmounting the ovary ; 
d, placenta ; e, ovules ; /, style ; g, stigma ; t, peduncle. 


represent the same jiumber of leaves, or double the number should each half of tho 
stigma of each be separate ; or it may He that tho styles and stigma of each carpel 
remain distinct, and then there will be as many pistils as there arc carpels. This 
is an arrangement of the ovary found very frequently; hut in the 
Ranunculus or Crowfoot, the Strawberry, and many others (Fig. 240), 
the ovarium is still more complicated. The further complication is 
due to the presence of two or more whorls of carpels instead of a Bing]# 
Fig. 242.— A whorl. We will consider an ovarium of two whorls only, since, if that 
[Zi?il lcd bo understood, the reader will readily comprehend the arrangement of i 
any number of whorls. When two whorls exist, one will bo -within the 
other ;^and thus tho ^ or sal sutures of the inner will be opposed to the ventral sutures 
of the outer whorl ; and in obedience to the law mentioned at page 116, the members 
of the inner whorl will be alternate with, and not opposite to, the members of the 
outer whorl. ThuB a member of the inner whorl will be immediately in front of 
tbe septum, or line of doliiscep.ee, of two members of the outer whorl. This will also 
apply to the styles and stigmas of the inner as opposed to those of the outer whorl. 

Reference is frequently made to two circumstances connected with the arrangement 
of the carpels — vie., the position of the placentae and dissepiments relatively to the 
stigma and other parts. As the placenta and stigma aro both formed on tho inner side 
of the ventral suture (Fig. 244, e) f |he position of ono may be determined by that of 
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Fig. 244 . 


Vij; ^'44!— carP re»enw tBcovules &>"1 pl uCenw - ~ 

placcnt® to each c ^’ u ^ le whilst the placenta w Bi»g . ^ wcll as of *e 

S^A^- 

i-U at least trh *-* 8 • or subsequent gro^ &e 

dissepiment. ^es ^nr in the eve ^ ^entffl and **P^ but unpn tbc 
Various ixrcgnl reference * r the ■v#ntrol # pnmels — • 

rf I“ . ®-s5S 

plKOU* »” ■ M „J, o» &• p“^ wi noL *»*“ "® ^ „ to to ropPT. 

outer surface— ^ be opposite to . m many ca t h dorsal 

to «*» -» •“£££» * 2 £. £5, »** 1 ■* “?1S1 «** 

foe placentas vriU violet> the septa ox ^ ^hich tho p ^ thus the 

the Lychnis, an ^ tbe Lycbnw Z ^der is altogether *om ' ^ ^ 0TRry) 

to the ventral suture- whilst the r° ^ iso i a tcd at the 0 ^ central 
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% ®des of the septa, and axe called lateral placentae (Fig. 248). In others still, the 
whole dissepiment is removed, and the placentae are placed near to the dorsal suture 
(Fig. 247). ^ . 


':Vf 






Pig. 245. Fig. 246. Jig. 247. 

Fig. 245. — Representing an ovarium with free central placentae. 

Fig. 246.— Lateral placenta) in the Poppy ; the centre being vacant. 

Fig. 247. — Lateral placenta) placed very near to the dorsal suture, as in the Violrt. 

The source of the placenta is still a matter of doubt ; but it is either the termination 
of the growing point, as ScMeiden affirms, or it is a modification of the cells of the leaf 
at the ventral suture. As the position of the placenta is the centre of the very extreme 
end of the branch, and as it is the point of attachment and growth of the ultimate 
organ of reproduction in plants, it is probable that Schleiden's theory is both more 
correct and more philosophical than that which has been more universally received. 

Before leaving this part of our subject wc should state that the pistil is rarely, if 
ever, transformed ; but occasionally it is itself a transformed stamen, as in the Horse- 
radish ( Cochlearia armor add), and the House-leek ( Sempervivum tectorum). 

The Ovule. — Having now described the house provided by nature for the seed, 
or embryo plant, we proceed to consider the organs for the protection and growth of 
which it was designed. 

The ovule is tne unripe seed, and consequently is the product of the organs of 
reproduction in the plant. It resembles a leaf-bud in its function, and also in its 
structure, in so far that it has a central growing point and protective coverings ; and 
in many instances, as the Mignionctte and other plants, it has directly produced leaves, 
without the intervention of a leaf-hud. 

The nucleus iB the central growing point (Fig. 250, g)> and consists of a mass of 
cells, having the chemical constitution of albumen ; within it is a cavity containing 
fluid called the amniotic sac and fluid (Fig. 250, h ). It is formed at the earliest mo- 
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Orthotropal. CampylotropaL. Anatropal. Amphitropal. Bemianatrnpa 

K?. 248. — Representing the relation which the base and apex of the nucleus bear to the hiluxn 
and foramen in the normal and abnormal conditions 
The dot represents the foramen, the * the chalaza ; the outline is the prixnlne, and the opening 
into it is the hilum at which the vessels enter. 

ment of the development of the ovnle, and subsequently is inolosed in two coverings or 
sacs, open at the top, the outer o me of which is called primint (Fig. 250 , c) } and the 
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inner one aecundine (Fig. 250 c*). The aecundine is very delicate, and is larger than 
tho primine, and usually protrudes through the opening, or foramen (Fig 250 5), an<f 
can bo examined only at the earliest period. 

JEt has already been stated that the ovule is connected with the ovary by means of 
a placenta, and a delicate cord, termed the umbilical 
cord (Fig. 250 a ) ; and this is universal, oxccpt in such 
plants as have naked seeds, or seeds and ovules deve- 
loped without ovaries (Fig. 249). Such are the Conifer® 
and Cycads, whilst the Mignionette has tho seeds par- 
tially najted. When it grows from the base, or neat 
to the base, of the ovary, it is called erect and amending) 
respectively ; and when suspended from the top, or near 
to the tdf, is termod pendulous and suspended , respectively. 

The relativo^osition of the nucleus, coverings, foramen, 

and funis, is variable, and 
is important, since it enters 
into the classification of 
plants. In the normal 
position the basfe of tho 
nucleus is next to the pla- 
centa, and is marked by a 
hilum on the coverings at 
which the vessels enter, 
whilst its apex is directed 
to the foramen. Such an 
ovule is termed orthotropal 
(Fig. 248 «). When this arrangement is changed only 
so far that the foramen is curved down so as to approach 
the hilum, the expression campylotropal is employed 
(Fig. 248 5). In other cases the nucleus changes its 
position; so that its poles are reversed, and its base is 
removed from the hilum to the point most distant from 
it, whilst the foramen with the apex of the nucleus is brought near to tho hiliim. 
This change is called anatropal (Fig. 248 c), as in the Apple, Almond, and Cucumber. 
The terms amphitropal and semianatropal (Fig. 248 d and e), indicate that the two ends 
of the nucleus aTe transverse with respect to the hilum. 

Whenever the nucleus has its base removed from its normal position at the billing 
it is iii danger of dying from want of nourishment, since thus it is separated from the 
placenta and umbilical cord (Fig. 248 c), the source o£ its nutriment; but* this is 
averted by the formation of a bundle of vessels called a raphe (Fig. 248 e), occupying 
tho veiftral suture of tho ovary, and passing from the hilum to thejbase of the nucleus, 
where it distributes itself in a star-like form, termed chalaza . Tho chalaza, therefore, 
cannot exist apart from the hilum without a raph£, and both are absent so long as 
tho base of the nucleus is in apposition to the hilum in the membranes. 


Fig. 249. — Representing- a cone, 
between the scales of which 
the seeds lie naked. 


Fig. 250. — Exhibiting the va- 
rious parts of an ovule. 

a, the placentaf with its vas- 
cular cord leading into 

e t the raphS, which expands 
at/, at the base of the nucleus, 
and forms the chalaza. 

e, the primine, with its fo- 
ramen or exostome, 6. 

c*, the secundine, with its 
foramen t>r endostomc, bx. 

d, the nucleus, with its apex 
g, and amniotic sac, h . 


FRUIT. 


When the ovary and its contents, of which we jiave now treated, have arrived at 
maturity, they are named fruit, and that quite independent of any edible quality which 
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they may or may not possess. At this stage the ovule has matured into a seed, and the 
ovarium either remains still as a mere containing vessel, or certain parts of it have 
become fitted to sustain the life of the seed during the earlier periods of its germination. 
It is to the latter form, as the Apple, that the term fruit is popularly applied ; but in 
botanical language, the term still comprehends the ovarium with its contents, whatover 
may be the nature of either. 

'Fruit, then, consists of various parts — viz., the ovary and its contents ; but in many 
instances there are additions to it, in the form of the remains of some or all of the other 
parts of the flower. Thus, in the Strawberry and Apple, the calyx remains, and is 

converted into a succulent substance, or the part of 
these fruits which is eaten ; and in the latter the 
corolla also remains. The Pine Apple is composed 
of all the parts entering into the composition* of the 
ovary — vis., bracts, calyx, corolla, and ovary. The 
Orange (Figs. 181 and 19) is an ovary containing 
the seeds, and a succulent mass, in which the re- 
freshing juice is placed. On the upper part of this 
ovary, and at the centre, will be found a circular 
spot,' at which the pistil was formerly attached to 
the ovarium, and traces of the like attachment may 
be found upon most fruits ; but in certain large 
classes, as the Labiata and Rosace® the style passes 
from the side, and not from the centro of the su- 
perior aspect of the ovary. In a few instances only 
is the ovarium absent ; viz., in the case of the naked 
seeds of the Conifer® and Cycads (Fig. 249), and in 
rarium is ruptured, and the seeds escape long before 
the maturity of the fruit ; but when the fruit has been formed, the term ovarium is no 
longer applied. * f 

The structure of the fruit is precisely that of the ovarium, except in the instances 
in which the maturation of the organ has caused certain malformations ; and although 
the former is undoubtedly the rule, the latter occurs so frequently that an examination 
of the parts is at all times necessary. Thus, on the one hand, the number of carpels 
seems to be lessened, as in the throe-celled ovarium of the Cocoa-nut (Cocos nucifera), in 
which but one cell and one seed remain in the fruit. Such is also the case in the 
common Hazel-nut, except that the absorption has progressed a step further, and 
has left but one cell and one seed out of three carpels and six ovules. In a few other 
cases the number of cells is at least apparently increased, since now partitions are placed 
across «the ovarium, in order* to separate the seeds from each other. 

The fruit, like the ovary, is also said to be superior or inferior, and for the same 
reasons — viz., the adherence of the envelopes of the flowers in the latter and no'j in the 
former. It is divisible into two distinct parts— the seed and the pericarp. 

The Pericarp is composed ef three parts or layers, one within the other — viz., the Epi- 
carp (a) or external layer ; the Endocarp (b) or internal layer ; and the Sarcocarp (c) or fleshy 
substance lying between them (Fig. 259). Thus, in the Apple the outer skin is the 
epicarp, the juicy part of the fruit the sarcocarp, and the tough thick wall-celled cover- 
ing to the seeds (Fig. 36) is the ei^locarp. The same relation is found in stone fruit ; 
and the stony covering of the seed ,is the endocarp. The epicarp is less subject to 



Fig. 251. — The Strawberry, consisting 
of a succulent calyx. 

one or two others, in which the c 
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variation than the other structures ; but the sarcocarp and endocarp assume every* 
possible variety of form and consistence. J 

We have not hitherto referred to the mode of opening of the ovarium, since it is not 
until that organ has attained its maturity that it becomes necessary to ™ provision 
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Fig. 252. — Representing the ordinary modcs.of dehiscence of fruit, a, Septicidal, or between the 
carpels ; b , septifragal or by the backs of the carpels ; c % loculioidal, or through the dorsal suture. 

for the emission of the seed. This occurs in the fruit, and is a matter of much interest. 
From the construction of the ovary it may he assumed that the normal mode of rupture 
of the fruit would be between the carpels ; and tfuch a mode of dehiscence , as it is termed, 
is said to be septicidal (Fig. 252 a). When the whole back of the carpel comes away 
from the septa and the ventral sutures, the dehiscence is called septifragal (Fig. 252 b) ; 
and when the septa remain perfect, whilst the ventral sutures become detached 
from each, and the dehiscence proceeds through the dorsal sutures of each carpel, it is 
termed loculicidal (Fig. 252 c). The pieces into which the fruit is thus broken, are 
termed valves ; and in the first mode (dehiscence), each valve consists of an entire 
carpel, whilst in the two latter it is formed by parts of two adjoining carpels. When 
the fruit is simple, that is, composed of hut one carpel, as in the Pea {P\8um y Fig. 260), 
the dehiscence is through sutures, and is called sutural, and there are no dissepiments. 

In the Scarlet Pimpernel (. Anagallis ) there is another mode of* dehiscence, one in 
which the upper part of the capsule or ovary is* detached ; and, as the line of separation 
is horizontal and not perpendicular, the term circumsctssile has been employed. 

Classification of Fruits. — The great variety which exists in the external 
appearance and anatomical characters of fruit, renders it necessary to devise terms 
which may serve easily to distinguish one kind from another ; and as the number of 
such terms is very considerable, it has, at all times, been customary to classify them 
according to their relationships. This has been effected by various writers, with 
different degrees of success ; and, as we cannot devote much space to a consideration of 
this question, we think it will be most useful to transcribe the newest, and perhaps the 
most comprehensive, system, — that of Professor Lindley. 


Class I. Fruit simplo. APOCARPI. 

One or two-scodod : — 

Membranous . 

Dry and bony . 

Fleshy externally, bony internally 
Many-seeded : — 

Dehiscent : 

One-valved . * 

Two-valved . 

Indehiscent 


Utricults. 

Acslsnium. 

Drufa. 


Folliculub- 

Legumen 

Lomentum. 
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Class ‘ II. Fruit aggregate. AGGREGATE 

Ovaria elevated above the calyx : — 

Fericarpia distinct 

Etjerio. 

Fericarpia cohering into a solid mass 

Syncarpium. ' • 

Ovaria unclosed within the fleshy tube of the calyx * . 

Cynarrhodum. 

Clasp III. Fruit compound. SYNCARPI. 

Sdct. I. Superior : 

A. Fericarpium dry externally - 
Indehiscent :* 

* One-ce{led 

Cahyopsis. 

M any-celled : 

Dry internally : 

Apterous 

Carcerulub. 

Winged 

Samara. • 

Pulpy internally .... 

AMPHISARpA. 

Dehiscent . 

* By a transverse suture .... 

Pyxidium. 

By elastic cocci 

Regma. 

By a longitudinal suture .... 

CoNCEPTACULUM. 

By toIvcs : 

Placentae opposite the lobes of the 
stigma : 

Linear 

SlLIQUA. 

Roundish 

SlLICULA. 

Placentas alternate with the lobes of 
the stigma : 

Y alves separating from the rcplum 

Ceiiatium. 

Replum none .... 

Capsula. 

B. Fericarpium floshy : 

Indehiscent : 

Sarcocnrpium separable .... 

Hesperidium. 

Sarcocarpium inseparable 

Nuculanium. 

Dehiscent 

Tryma. 

Sect. 2. Inferior : * 

A. Fericarpium dry : 

Indehiscent : 

Cells two or more 

Cremocarpium. 

Cell one : 

Surrounded by cupulate involucrum . 

Glans. 

Destitute of a cupula 

Cypsela. 

Dehiscent or rupturing 

Diplotegia. 

B. Pericarpiujn fleshy : 

Epicarpium hard : 

Seeds parietal 

Fepo. 

* See<jp not parietal 

Balausta. 

Epicarpium soft : 

Cells obliterated, or unilocular . 

Bacca. 

« Cells distinct 

Fomum. * 

Class IV. Collective fruits. ANTIIOCARPI. 

Single : •> 

Porianthum indurated, dry 

Diolesium. 

Periaiithum fleshy 

Sphalerocar- 

Aggregate : 

PIUM. 

Hollow 

Syconus. 

Convex : * 

An indurated aiqpntum 

Strobiltts. 

A succulent spike 

Sorosis. 
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* Acorn (Fig. 261) ; Legumen or Legume, as in the Foa (Fig. 260) ; Siliqua, or pod, os 
in the Mustard (Fig. 255), and which differs from the Legumen chiefly in the longi- 
tudinal false dissepiment at a being present in the former, and dividing the cavity, *n to 
parts ; Capsule, as in the Larkspur (Delphinum) or Poppy (Figj 254) ; and Dacca, or two 
berry, as Currant.* 

k The Sped. — The seed is the mature ovule, and in its internal anatomy maintains 
a great resemblance to that body. The pro- 
cess of growth and development has, how- 
ever, induced certain 4 modifications which it 
it need£*il to understand, and tho more so 
that the characters of the need have of late 
years become of great importance in the 
description and classification of plants. Like 
the ovule it consists, in general terms, of 
a growing point, land contains membranes. 

The term embryo is expressive of tho former 
(Fig. ti62 b), and testa, in a general sense, of 
the latter. * r 

The testa, or coverings of the seed, are divisible into three or more layers — v%z. the 
outer one, or primtne ; the inner one, or secundtne ; and the third coat, or tercine . The 
■detection of these three coats is oftentimes a matter of difficulty ; but our readers who 
! have tolerably good microscopes, and who have attained to a certain degree of delicacy 
of manipulation, need not fear to enter upon it. It will be needful to examine a seed 
in its fresh state, and to seek tho separation of its coats by immersion in water for some 
hours, and subsequently by the aid of tho needles. 

The outer integument is commonly smooth, somewhat dense, and resisting ; but it 
may assume every variety of character. The most interesting departure from the 
established rule is in the instance of tho Cotton seed (Oossypium), Sage (Salvia, Fig. 
263), and the Collomia grandiflora, in which a large number of 
shrivelled hairs are attached to this membrane. There is no 
difficulty in seeing them in tho Cotton plant under every condi- 
tion ; but in the latter examples they are inappreciable to tho 
naked eye, until they have been immersed for an instant in 
water, when they start out, and give a fringed character to the 
seed. The hair in this case contains a spiral fibre (Fig. 263), 
which is the cause of its elasticity (pages 14 and 66). In other 
instances it is largely developed and fleshy. The inner membrane 
is placed immediately within the outer integument, and itself 
incloses the most external or third coat. This latter envelope 
is in immediate proximity to the nucleus or embryo, and is diag- 
nosed from its inclosing covering simply by the non-perforation Fig. 263.— Fibres of 

of its apex. # Sa S®- 

These various membranes are seldom distinct in the seed, and consequently it is 
customary to speak of the testa of tho seed rather than of the primine, or any other 
specific part of the covering. 

The nucleus. — This is the growing point already referred to at page 129, as the 
nucleus of the ovule, and now consists of two distinct parts, — tho true growing point, 
or embryo, which, in the future germination, elongates upwards and downwards to 




Fig. 262. — Seed. 
a , cotyledon* ; b t embryo. 




THE NUCLEUS. 
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form the new plant; and, in most instances, one or more masses of albumen destined to* 
supply food to the newly forming plant. 

direction of the embryo in the seed varies as greatly as that of the nucleus in j 
the ovule, and is always determined by similar means — viz., the position of the chalaza, 
micropyle, and raphe. The terms employed to designate this relation are similar to, 
but not identical with, those given at page 128 in reference to the ovulo. Thus ant itr opal 
in the seed corresponds with orthotropal in the ovule, the sacs of the ovule not being 
inverted, but the embryo inverted with respect to the Iced, as in the Stinging Nettles. 
Orthotropal in the seed, as in the Apple, is the anatropalnof the ovule ; amphitropal in 
the seed, that of eamphylotropal in the ovules, ^ in the Mignonette, and h^rc both 
apex and radicle next to the hilum; and last, heterotropaf in the seed, is the amphi- 


tropal ewemi-anatropal of the ovule, and they lie across the seed. In the antitropal 
and amphitropal forms there will be neither raphe nor chalaza ; whilst in the ortho- 
tropal and hcterotropal varieties both tlfese parts will be present. 

The above is indicative of the relation which the embryo bears to other parts of the 
seed ; but there is also a relation which the whole seed has to the fruit of which it 
forms a part. The seed is termed ascending , when the direction of its apex is that of 
the apex of the fruit; descending, when the* contrary, or towards the base of the 
fruit ; centrifugal, if towards the sides ; and centripetal, when towards the axis of the 
fruit. 

The albumen varies greatly in quantity, as may be seen by contrasting tjie split Pea 
with the white of the Cocoa-nut. It also offers great diversity in solidity, from a mass 
of jelly-like consistence, to the hardest ivory, as in the Ivory Nut (Fig. 38) in its dried 
state. It is not present in all seeds, and in many is so minute in quantity that the 
microscope alone can detect it. Wherever it exists, it immediately surrounds the 
growing point. Its structure is cellular, as shown in Figs. 37, 38, 39, and others, 
as may bo readily proved, by placing a very thin portion of a green pea under the 
microscope. When it is met with in tho embryo sac (page 129) it%s called Endosperm 
(within the seed) ; and when it constitutes thJ nucleus it is known as the rerisperm 
(around the seed). Sometimes it is placed near to the chalaza ; but it never occupies 
the position of the membranes. In Dicotyledonous plants, as the Pea, 
the seed readily separates into two halves, which proves that the mass 
is divisible into two lateral and symmetrical portions, termed Cotyledons, 
or seed-leaves (Fig. 262). In Monocotyledonous plants, as the Palms, the 
albumen cannot be divided into ports, and hence the terms Monocoty- 
ledon, or one seed-leaf (Fig. 264) ; and in certain plants it is so reduced 
in quantity that tho seed is termed Acotyledonous , or a seed without coty- 
ledons. These terms are of great moment, and of •onstant employment, 
since the two former correspond to the exogenous and endogenous divi- 
Fig. 264 . — The s i ons G f plants referred to at page 81, et seq. All floyering exogens, or 
noui° e °ced of nearly so, are Dicotyledons ; all endogens, or nearly so, Monocotyledons ; 
germination 61 " flowerless plants, Acotyledons. The arrangement of the parts 

has begun. in the embryo varies in the classes just mentioned, as might be 
p plumule 1 -’ expected, when in germination one puts forth no seed leavos, another 
r* radicle. only one, and a third two. The direction of the Cotyledons is usually 
straight ; when two or more exist/they are placed ^ace to face. They ore said to be 
ineumbent when they are folded with their back qpon the radicle, but accumbent whezi 
their edges occupy that position. 
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• The seed of a Dicotyledon, a s the Pea or Apple, presents the following parts (Fig. 
265) : two Cotyledons , or seed-leaves, a , at the upper part, within the base of which is 
a minute point, destined to become the stem, named the plumule , b; 
and at the bottom of the seed is the radicle , c, having dimensions 
larger than those uf the plumule, and separated from the Cotyle- 
dons by asi^inseen line, the caulicule . Sometimes the Cotyledons 

are absent, or cohere into one mass, or divide into a greater num- 
ber, as four in the Crucifer®, dhd double that number in some of 
the Conifer©. <** r , 

An approach to the condition of a Monocotylcdcnous seed, is 
seen in such Dicotyledons «as have great inequality in the size of 
the Cotyledons ; so that one of them is scarcely perceptible. In 
this class (Monocotyledons, represented in this country by the r , 

Grasses), there is no such distinction of parts a# that now referred ^eGnTdra^an.^ 
to ; but the lower' "part of the seed emits a number of radicles °» 

(Fig. 264 r), whilst from the upper part the thread-like green 
plumule, p, is emitted. Thus the growing points are Bheathed by the embryo, which 
remains within the testa throughout the process of germination. There are many 
exceptions to this description ; but they do not materially invalidate the rule now 
given. Monocotylcdonous plants arc as exclusively endogenous (p. 86) as dicotyledo- 
nous are exogenous in their general structure. 

There afe certain plants in which distinct Cotyledons have not been discovered, and 
hence have been termed Acotyledons ; but this would not be a correct mark of distinction 
for the members of the two classes now described, since it is probable that there 
are parts analogous to Cotyledons. The true diagnostic is, that in these plants the 
germination does not proceed from fixed points, as the plumule and radicle, but 
indifferently from any part of the surface of the seed. This is the condition of the 
embryo in the great class of plants to which we shall presently refer — viz., the flower- 
less plants. 1 

There arc yet one or two points to which reference must be made, before we conclude 
this account of the seed. The Amnios (Fig. 250) is a fleshy bag surrounding the embryo 
in many seeds, and consequently lying within the innermost integument. It hp « also 
been termed the Vitellus, or Yolk-bag, and it probably performs an analogous office in 
the sustentation of the embryo. 

We have already referred to the hilum and other vascular parts of the ovule and 
seed, and need here only to state that tho hilum is the umbilicus, or the spot at which 
the vessels from the placenta enter tho seed. In many plants it can scarcely be seen, 
whilst in others it is of a dark colour, or is very large, as tho Pea, Bean, and Horse- 
chestnut. The micropyle, or foramen, is the opening in tho seed to which the radhlo 
is always directed, and may be at tho end of the seed opposite to the hilum, or the two 
may bo close togetU&r, as in tho Pea \ or it may occupy other positions, as sh own at page 
128, in reference to the ovule. Its position determines that of the radicle, and conse- 
quently is of importance. The chalaza and raphe have precisely tho same indications 
in the seed as in the ovule ; but the latter is always distinctive of the face of the seed 
when the figure of that organ does not render the determination of that question easy 

The placenta is the cellular expansion by which *the seed is attached to the ovary, 
and brought into direct connexion with the sexual organs of the plant through its pro- 
longation— the conducting tissue of the style. 


cotyledon ; 6, plu- 
mule ; r, radicle. 



THE ARIL OF THE NUTMEG, 


The fun%8 y or umbilical cord, when it exists, connects the hilum of the feed with 
the placenta, and conveys the vessels to the ovule and seed. 

ytiQ aril is known familiarly to our readers by the spice 
called mace, which is tye aril of the nutmeg, as may bo 
determined by an examination of the preserved fruit. It 
presents a groat variety of forms and characters in various 
plants, and oftentimes it is difficult to distinguish it from other 
structures ; but here, as in the case of bracts, negative «vidence 
is of value, and supplies us with the expression, “ that^every- a 
thing proceeding from the placenta, except the seed, must be an 
aril.” It is not of large size, except in fully developed s^eds. 

If is closely applied to the outer integument both of the seed 
and ovule, and in its analogies has been regarded as an ovulary 
leaf. Arils are divided into two classes — viz. y true and false 
arils, the distinguishing mark being, that in the former the 
micropyle or exostome oither is covered, or would bo covered, 265*.— Aril of 

by the aril, if it were sufficiently extended; whilst in the Nutmeg, 

latter the micropyle is at all times free. It js probable that the aril of the nutmeg 
belongs to the latter class. 
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FLOWERLESS PLANTS. 

There yet remains, before we conclude this first division of our subject — rtzl, the 
structure of plants — to mention a few special modifications of those organs now | 
described as they ore found in the fiowerless plants ; and in doing so we beg our j 
readers tb jbear in mind, that they are not new structures but modifications of those | 
belonging to flowering plants. There is, however, the most marked line of demarcation j 
between flowering and flowcrl&s plants, both in their minute composition and their | 
external configuration ; and ve might almost venture to affirm, that we have here an j 
exception to the rule, that nature ascends and descends by imperceptible degrees. There | 
is, however, no new elcmeist in structure, in this lower division, than has already been j 
described in reference to the flowering plants ; so that the existing diversity IS duo to j 
the number and arrangement of these elements in the general fabric. j 

It is customary to consider fiowerless plants as more lowly organized than those j 
which bear flowers, although it is through them that the vegetable kingdom approaches \ 
the animal. This seems paradoxical, seeing that the animal kingdom is manifestly of j 
a higher grade than that of vegetables ; and proves that, from the highest members of j 
the animal kingdom, we do not pass through the lowest to the highest vegetables (as ! 
would be the case were the views commonly received properly carried out), and thence ! 
to the lowest plant, but that the well-defined members of both kingdoms are wide as ! 
the poles asunder, whilst the lowest members are so intimately associated, that it is yet j 
undecided whether they belong to the animal or the vegetable kingdoms. 

There is reason, however, in considering the fiowerless plants as the lowest members ! 
of the class, since their organization is more simple. Precisely so, also, in respect of I 
animals ; — and thus the two kingdoms may he likened, not to one cone with an artificial | 
line drawn across it at some undefined point, but to two cones with their apices con- > 
nectcd, and their expanded part, or base, at either extremity. I 

The great point ,of dissimilarity is that connected with the organs of reproduction ; j 
and the question of sexes, and their product, has ever been, as it now is, the bone of j 
contention. That every member of the whole is endowed with the faculty of repro- I 
duction is perfectly evident ; but the precise mode in which it operates, and even the ! 
immediate seat of its operation, is shrouded in mystery. This, however, is only the ! 
counterpart of the condition of the lowest animals ; and therefore the one is no more 
matter for wonder than the other. In both kingdoms the lowest examples have abun- 
dant power of reproduction ; but the distinction of soxes is not evident. When, there- 
fore, we affirm that there is nothing new in the class of fiowerless plants, we mean that 
every part of the structure has its analogue in the higher division of the vegetable 
kingdom. t t . 

The fiowerless plants are numerous and very varied, and comprehend chiefly the 
Ferns , Club-mosses , and other kinds of Mosses , Lichens , Mushrooms , and Sea-weeds. 

Ferns. — This extensive class of plants is known in this country only by herbaceous 
varieties, or such as have their stem or root in the ground, and present to view a series 
of leaves only (Fig. 266). But in hotter climes the stem is abovo ground, and often 
attains the height of fifty or sixty feet, and a diameter larger than a man’s thigh (Fig. 
270). The following are their chief anatomical peculiarities : — 

The leaves are termed fronds , fmd they bear the organs of fructification in little 
cups or receptacles on their edges, o'r ( on their under surface (Fig. 267). These exhibit 



Fig. 268. 


Fig. 266. 

Fig. 266.— A Fern, Polypodium Vulgare, as it grows in our climate. 
Fig. 267. — Fructification in the Polypodium. 

Fig. 268.— Sori emitting spores. 


number of contained cells, termed spores or sporules y from which new plants are directly 
produced. Thus the organs of fructification may be likened to the ovary with its con- 
tained seeds, and doubtless this is their true analogy ; but to the naked eye they have 

4 a greater semblance to the anther with their contained 

cellular specks of pollen; and this latter idea is further 
strengthened by the fact that the spores, as well as the 
pollen, arc produced on and from the colls of leaves. The 
sporangia burst with elasticity ; but^this property is pos- 
sessed alike by both anther and ovary. There can be 
no reasonable doubt but that they are the female organs 
or ovaries, with the spores or seeds. • 

There is much difficulty in determining what are the 
male organs, if any, existing in Ferns. Some have 
referred them to the articulated hairs which are found sur- 

«r. 269. The fructification of rounding tho sporangia ; and others again have imagined 

the Ophioglossum Vuigatum, that tlfe layer of epidexmis which covers the sporangia in 
showing the transverse slits, a. many Fenig> indicium, may be connected with that 

function. Nothing certain, however, is known. * 
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Therp are no sporangia in that division of Ferns known as the adders’ tongues ; hut 
the whole leaf is rolled up on either side of the midrib, and becomes a containing organ* 
At maturity the leaf opens by transverse valves, and emits the spores (Fig. 268)., 

The foot-stalk of the frond is called the stipes, and consists of bundles or plates of 
hard woody fibre* and scalariform vessels, connected together by cellular tissue, which 
pass down into the stom within the bark, and appear to form a part of the zones of wood. 

The arrangement of the parts in the stem of the Tree Fern is very peculiar ; and 
although it has no close resemblance to cither the exogenous or the endogenous arrange- 
ment, it seems to be<more closely allied to the latter. Thus the rind or bark consists 
of one pr two layers only of cellular tissue, and is marked by the cicatrices of leaves or 
fronds, arranged somewhat irregularly, and at considerable distances below, but 
regularly and closely near the apex of the tree, showing that its leaves are produced at 
the head only, and in successive clusters. Again, a large portion of the transverse 
section of the trunk is seen to consist of cellular tissue ; and through this the wood 

passes. The points of rcsem- 

t centre is occupied by a mass 

Thcro are, moreover, lines of 
communication between the 
medullary cellular tissue and 
the bark, which are the ana- 

fche growth of the Tree Fern 
vtstay that tho interval be 

m „ . A _ A . . . . . . tween the cicatrice? enlarges 

Fig. 270.— Tree Fern, forty feet high, growing in the moist ? 

dimatfes of small tropical islands. 0,8 the size of tho tree in- 

creases, showing that the 

stem of the tree increases in height, not only at the apex for the time being, but after- 
wards in the body of the trunk (Fig. 270). 

As there is no definite growing point in the sporule, its germination must differ 
widely from the exogenous and endogenous forms of plants. The sporule, after extrusion 
from the sporangia, burstB its envelope, and emits a leafy expansion from its centre* 
which subsequently forms a bud, and from thence a plant. 


Mm 

1 b 
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Fig. 270.— Tree Fern, forty feet high, growing in the moist 
eUmatfes of small tropical islands. 
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This subject has been discussed with much judgment by an eminent English, 
botanist, Mr. Honfroy, who has given 
the following account in the Gardener* $ 

Magazine for 1861, p. 23 : — 

“ The germinal frond must be taken 
very young, while yet not more than 
one-eighth of an inch in diameter, and 
before any sign of the first leaf appears 





Fig. 271. 


Fig. 272. 


Fig. 273. 


Fig. 274. 


Fig. 275. 


Figs. 271 v 272, 273, 274, 275. — Successive stages of development from the spore (Fig. 271). In Fig. 

275 are seen two of the antheridia. 

rising from its upper surface. The little frond will then be found in the shape of a rounded 



Fig. 276. — A germinal frond (it is a simple cellular plate like the leaf of a Moss) : a are two ovules ; 
b a number of antheridia ; e root Abrils. 

Fig. 277. — A more highly magnified view of a piece of the frond with two antheridia, one con- 
taining the vesicles (6), the other burst (d). 

Fig. 278. — Side view of b in the last figure. 

Fig. 279. — The same bursting to dischafge the vesicles, which again discharge the spiral filaments e. 


or heart-shaped disk, formed of delicate green cellB (Fig. 276) ; a single layer, except in 
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the middle, haying been gradually developed into this form through the stages 
represented in the annexed figures (Figs. 271 — 275). To see the peculiar organs, 
the disk-like cellular plate must be carefully laid face downwards upon a slip of glass, and 
washed clean, gently removing the grains of soil, with a camel-hair pencil, from ai\png 
the rootlets. When placed under the microscope, a number of projecting cells (Fig. 
276 b) are generally found scattered about tho frond. These aro seen to be again filled 
with minhte vesicles (Figs. 277 and 278), which escape by the bursting of the protrud- 
ing cell, either spontaneously or by slight pressure on the glass covering the object 
(Fig. 279). As the vesicles emerge they burst also, and from them springs out a spiral 
thread-like body, thickened at one end, and furnished with cilia, as represented in the 
woodcut (Fig. 280). These, the so-c, ailed animalcules, swim about with great rapidity, 





Fig. 280. v # Fig. 28 i. Fig. 282. Fig. 283. 

Fig. 280. — One of the spiral filaments, or animalcules, more magnified. 

Fig. 281. — Side view of an ovule. 

Fig. 282.— The summit of the same, seen from above. 

Fig. 283. — Side view of an ovule* from Suminski, representing the embryo-cell at the bottom of 
the cavity. 

shooting forward, and continually whirling round on their own axes. To see them 
clearly, their motion must bo stopped by adding a little solution of iodine. 

On the thickened part of the frond, near the notch, arc to be found, in most cases, 
not always, cellular structures of larger size, and more complicated (Fig. 281). They 
consist of conical papillae, with cellular walls, containing a cavity in the centre, as 
represented in the Figures 282 and 283. 

In Club Mosses (ty copodium), the containing reproductive organs are also called thecae, 





Fig. 284. . Fig. 285. 

Fig. 284.— The Lycopodium Aphodium, or Club Moss. f ^ 

Fig. 285.— A, full-grown plant of Manilca pubescens; B, spore (opened), natural size; and C, 
section of spore magnified, with the contained spores. Both of the Olnaria globulifera. 
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capsules, or sporocaipia, and, as a rule, are filled with sporules (or pollen) in the form 
powder like granules, when they are called * 

anther idia; or they contain several rounded — \ 

fles jjf bodies analogous to buds, much larger S |7| ju 

than sporules, and named Oophoridia . In /j^\\ 

Marsilea the organ of fructification is a modi- py 

fied leaf, and consists of two valves. The v-pL ™ * 

fructification is immediately placed upon a 

number of spikes, covered by ovules and / 

anthers, attached at first to the modified leaf C ^Kigpislk 

by a mucilaginous ring. The Split Mosses * 
anjl the Urn Mosses have organs of fructifi- 
cation placed at the summit of their branches. 

These are called AntJieridia, and have an Fig. 286.— The Antheridium (a) of the Polytri- 
elongated flattened form; and, on being 
ruptured, emit a multitude of spiral threads, «/• 

with an enlarged extremity, sometimes curled, and at others straight in their figure. 

These are said to be abortive Antheridia by certain writers ; but there is no doubt, 
from their configuration and rapid motion, that # they are true Phytozoa, or organs of 
reproduction. 

This organ in the Urn Mosses, as the Funaria hygrometrica (Fig. *288), is somewhat more 


Fig. 286.— The Antheridium (a) of the Polytri- 
chum Commune, emitting at b a number of 
coiled fibres, o d t with An enlarged free end, 
ef. 







Fig. 287. 


Fig. 288. 


encalyptra. ' ' — 9 * ™ u* 

complicated, and possesses parts which are most sensitive to the presence of moisture ; so. 
much so, that the observer breathing upon them causes them at once to contract. It if 
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known as^the sporangium or theca, and its contents are called sporules ; but besides these, 
there are several bodies called prosphyses, enveloped in a membrane which subsequently 
bursts, and is curved to form the calyptra . The calyptra is termed dimidiate when the 
sporangium bursts on its side, and mitriform when the membrane is detached at its itase. 
The sporangium js covered by a lid or operculum , and inclosds a multitude of sporules 
surrounding the central axis, or columnella , and oftentimes inclosed in several cells, 
with their*septa attached to the columnella. The whole rests upon an elevated stalk, or 
seta. It is lined and also indexed by two membranes — the inner and outer peristomxa — 
which have a toothed edge ; and by closing the orifice, especially when moistened, as 
by the breath, constitute the tympanum. It is bounded above by an elastie external 
ring, or annulus. ** 

Whether any, and what part of the above organs can be appropriated to the 
sexes, is a subject of much dispute ; but it is highly probable that the sporules are 
the analogues of the pollen in flowering plants, qnd it has been ascertained that they emit 
tubes very similai&to pollen tubes. 




There is an arrangement of the internal parts 
of the organs of fructification in the Horse-tails 
which greatly resembles that described in the 
Lycopodium — vis., a spiral 
fibre moving with great 
rapidity, and influenced, as 
in the Funaria, by mois- 
ture. There are usually 
F1 g. 28 9 .- S r^a t ora p attnehed to and or m0TC BUch fibrea 

having an enlargement at 
their free ends, and connected to a central organ, around which 
they wrap themselves spirally (Fig. 289). On the application of 
moisture they instantly wrap themselves around the spore, b , but 
on it its withdraws! they relax their hc^d. a . These structures are 
contained with cascB or sporangia, which are arranged around 
the apex of the stem in the form of a cone (Fig. 290). It is 
probable that the elaters represent the male, amd the spores the 
female parts of the sexual organs. 

In Liverworts, as Marchantia polymorpha , the foliaceous organ 
is termed thallus or frond indifferently, and is a flat lobed organ, 
lying flat upon the ground. Its reproductive organs arc three in 
number . — Jst., little green bodies, or buds, placed in cups (Cys- 
tulse) on the upper surface of the frond, believed to be a vivi- 
parous apparatus ; 2ftd., spdrangia, or female parts, placed beneath 
calyptra, or a stalked receptacle ; and 3rd., oblong bodies, or 
anthers, found mother sporangia on the upper surface of the 
frond. These last resemble the spiral fibres of the Chara vul- 
garis (Fig. 291). 

The Scale Mosses ( Jungermannia ) have a pericladium arising amongst the leaves, 
from which a seta proceeds, and bears a valvular brown case, or sporangium , containing 
a number of spiral fibres (Fig. 295), which aro highly hygometrxe , and are intermixed 
with sporules, or female organs. c There is also a calyptra or the ruptured membranous 
bag {Epigonium). * 



Fiff. 290.— The Equise- 
tum, or Horne - tail, 
with fructification. 
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None of the members of the various kinds of Mosses now described havesany vascu* 


b - 



Fig. 291. — a, Phytozoa, or male parts, in titu within the colls ; 6, the same, detached from the ced- 
wall in the chara. 

Fig. 292. — Marchantia Polymorpha, or Liverwort, with its broad frond. A, and organs of fructifica- 
tion, B. 

lar tissuo, but are wholly composed of cellular tissue of various forms. 

Lichens. — This important class of plants are more particularly found in regions 
so far north that more highly and more delicately formed plants cannot exist ; as in the 
instance of the Iceland Moss ( Cetraria Islandica ), so useful to the reindeer in its native 
regions, and employed as a medicinal agent in this country. It consists of a lobed leaf, 
called frond , thcUlus , or blatemas , of various forms and degrees of consistence, and which 



Fig. 193. Fig. 294. Fig. 295. ^ Fig. 296. 


Fig. 293.— Lichen growing upon a piece of rotten wood. 

Fig. 294.— The fructification of the Jungermannia. A, very young spore-case still covered by the 
calyptra ; B, the same, quite developed, with the hyulina ripe and bursting, and presenting to 
view the inclosed spores. 

Fig. 295. — Spiral fibres or elaters of the Jungermannia (Scale Moss.) . _ . 

Fig. 296. — Acrostalagmus Ci nnabar imia, very highly magnified, with the fructification at the end of 
the filaments. 

differs from the like organ in all higher members # of the vegetable kingdom, in the 

fact that not merelv a part but th e whole of its intfa-cuticular substance is devoted to 

VOL. II. 



tiie functions of reproduction. The upper cuticle is pierced by two forms of fructifying 
organs — viz., aoredia , or masses of powdery bodies, scattered oyer the surface • and 



Fig. 297. 

Fig. 29fl.*— Section of'the shield in ft Pannelia, showing the position of the spores. 

Fig. 297 .-—Magnified representation of the cellular structures of Sea-weeds. (Alga.) 

8.— The Fucus VesiculosuB,' or Bladder-wrack. 

Fig. 299. — Promelia Perforata : — Lichen, with projecting shields. 

thieldt (Scutella, Fig. 299, A), surrounded by a rim, and containing asei, or tubes filled 
with sporulcs. * 

Fungi, or Mushrooms . — This is a most extensive family of plants, and assumes 
forms infinitely more diverse than is represented by the members to which the name is 
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popularly applied. The most common, and at the same time the least noticeable,* 
forms are the minute substanc.es which appear in and upon decomposing fluids, and as 
vegetable parasites upon many living plants and animals (Fig. 300). All alike, how- 
ever, consist exclusively of cellular tissue, but differ greatly 'in its arrangement, and 
especially in the nature of their reproductive organs. In the minute bodies just 



Fig. 300. Fig. 301. 

Fig. 300.— The conformation of the common Mushroom {Agaricus rampestris). A. a* the pilens ; 
b t the lamella, covered by the hymenium ; c 9 the stripe ; d, the mycelium. B. a portion of the 
hymeniuin, with basidia in four different stapes of formation. C. a perfectly developed spore 
iri one of the processes of the upper part of a basidium. 

Fig. 301. — Mucor Mucedo, showing the asci, A, and the sporidice, E. 

mentioned, the organ of fructification is simply one enlarged cell, containing the 
sporulcs or spores; hut in the common Mushroom there are true sporidia contained in 
asci or sporule cases, and in a few there are moveable spiral fibres or elaters. The 
former division of fungi is the most interesting ^ind accessible ; so that we would urge 
our readers, possessed of some microscopic knowledge, to examine the various forms of 
mould so universally distributed. No preparation or subdivision of the substance is 
necessary, except that of placing a very small portion of it in a little water. 

Algae, or Seaweeds^ — This is the last one of the Fungi, the lowest forms of 
vegetable life and growth, and is the boundary line of, or rather the neutral territory 
between, the animal and vegetable kingdoms. * The members of this class are univer- 
sally distributed, and are all different, from the string of cells found in a drop of 
stagnant water to the beautifully varied and large sea-weeds familiar 1(t many of 
our readers (Fig. 297). It is a class, however, which best Represented in the 
southern or tropical seas ; for there, not only is there greater variety of appearance, but 
the mnssc$ in which they abound almost exceed belief. Moreover, in such, as also in 
many representations on our own shore, it seems almost impossible t8 deny the animal 
characters with which many observers have invested thgm. Nothing can so much 
relieve the monotony of a sea-side residence as to fix a microscope on the sands, and 
examine these beautiful objects, fresh from the salt water. 

As in other families, the reproductive parts, for the most part, are called spores, and 
are found in the ordinary cells of the plant, as in Fi^. 297, or are gathered together 
into sporangia, or spore-cases, of various kinds. Wo cannot enter into the dispute as* 
to the sexuality of these as of other members of fhe class of flowerless plants, but 
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would renfhrk that a kind of conjugation has been noticed in the Conforv®, oi lowest 
members of the class (Fig. 302), from which the spores are believed to result. These 
spores are endowed with the faculty of motion within the cell, and more particui'xly 

soon after their extrusion, as mentioned at page 4, Fig! 2. 

In closing this account of the structure in flowerless 
plants, we would remark that a great multitude of terms 
have been invented to describe certain minute peculiarities 
in reference to the seeds or sporulcs, and tho cases or 
ovaries in which they were developed ; but as they would 
occupy ir^ich space, and be tedious to readers of all classes, 
we omit further mention of them. In reference to tho 
sexual organs of the whole class, it must still be admitted 
that the whole question is mb jiidice, and that we can 
only affirm that, whilst such plants reproduce themselves 
with the most astonishing rapidity (a rapidity which seems 
to be in the inverse ratio of their organization), distinct 
^sexes cither do not exist, or aro possessed of forms as yet 
unrecognised. Lastly, cellular tissue, and that alone, is 
the form of organization of all except the highest divi- 
sions ; but the cells are very varied in figure, size, and 
arrangement, and are commonly coloured green or red, as 
in the Conferva; and Sea- weeds ; or are rcsplendently 
coloured, as in many Fungi. They are not the less beau- 
tiful and interesting because their structure has a simple 
basis ; but, on the contrary, evidence, in a remarkable degree, the power and wisdom of 
the Creator in the infinitely varied and beautiful arrangements of so simple an object. 



Pig. 302. — Cvnferrro, with 
spores lying within cells, 
which have undergone the 
process of conjugation, at 1 . 
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SYSTEMATIC BOTANY, OR THE CLASSIFICATION OF PLANTS. 

t 

Having, in the preceding pages, described all the parts and organs which enter into 
the composition of individual plants, we arc prepared to take a widej view, and deter- 
mine the mode by which masses of plants may be grouped together. Thi^ is termed 
Classification. 

This department of botanical science is vastly Jjiorc extensive than that which 
treats of the structure of plants ; so that it is not possible, in a tyatise like the present, 
to consider the subject in any lengthened detail. "We therefore purpose, after offering 
some introductory remarks, to consider the Linn&an and the natural systems of classifi- 
cation^ apd to name the most common or important plants which have been arranged 
under each head. 

The necessity for a classification o£ plants must have been felt at all periods, even 
in the Grecian and Roman eras, when the total number of known species did not exceed 
1,000 ; but since, at the present day, upwards of 100,000 species hare been named and 
described, the necessity has become absolute. The only question on which botanists 
have been at issue refers to the principles on which tfiat classification should be 
founded. In the first place it is imperative that each plant should have a distinctive 
appellation, or any description of it would he in vain. Then, again, since 100,000 
distinct names, assuming for a moment that so many could have been invented, could 
not have been borne in mind by any person, the next step in the process.would be to 
ascertain if any of this number could be grouped together under one name, but yet 
having a special term to indicate its individuality. 

The success of this inquiry would, of course, depend upon the existence or other- 
wise of any anatomical characters which would at a glance be found common to both. 
Such resemblances were soon discovered ; and the term Hose, for instance, was found to 
suffice for very many species, with the addition of white, red, &c., to mark their indi- 
viduality. Thus the term Rose denoted a yentfs, and white the speties ; and in this mode 
the number was reduced within reasonable proportions. 

But this first was not the last step, for it was ascertained that on some one point, or 
on many points, the genera resembled each other ; and thus the term Icosandria, for 
example, was devised, which should comprehend the Rose,, and the Apple, and the 
Strawberry, and others having these characters in common. This then gave rise to a 
system of classes and orders, the term Icosandria representing one of the classes. The 
orders were subdivisions of the classes, and? referred to certain minutiae in which all the 
members of the orders did not agree. Thus the nameless plant became at length the 
Itosa Alba, of the class Icosandria, and order Polygamia. 

This is precisely the plan adopted in the classification bf amfifals. Thus the Cow is 
the Bos taurus of the class Mammalia and order Ruminantia. It is not, however, a 
perfect plan; and as the number of objects to he included have continually increased, 
it has been found necessary to invent a more general term — as that of family — which 
shall comprehend a number of classes. Reversing, then, the order of classification which 
has already been^iven, we may first refer a plant to a family ; next to a class and 
order; and then find its generic and specific names. 

The term variety has also been introduced to indicate the existence of some trifling 
change in a species ; and although the boundary between a species and a variety is not 
capable of nice def nition, yet it may be stated that a variety does not so reproduce 
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itself by seed as that its own form shall result, but so that a return to its original 
species shall inevitably follow. There are also Hybrid s in plants os in animals, and 
resulting from the operation of the same law — viz., the admixturo of the sexes, not oiithe 
same, but of different species of one genus. 

The first point will probably depend upon one or two features only ; but the last 
wi?l require a knowledge of every part of the plant. Thus, whilst the multitude of 
naiues which have no necessary significance tends to confuse and weary the mind, the 
various steps of that classification render the task the lighter, and indeed infuse a deep 
interest into tfic study. It ifc a mark of unbounded knowledge, on the part of the 
Creator, *to have made so great a multitude of varied objects ; but it is not the less so 
that lie has made many of them on a common plan, and has given to us the capability 
of unfolding Ilia designs. It is no mark of our mental capability to have found or seen 
a plant ; but it is not a little flattering to us to have discovered or perceived the principle 
on which the plant was constructed ; and this is the central point of interest to tho 
philosopher. 

But the school-boy is not without his gratification. To point out the flower, tho 
name of which we know, and to gather that to-day which long ago we first discovered, and 
discovered in the company of some one whose society we cherished, may yield pleasure to 
any one. Thus we would oiler encouragement to the young botanist, by the assurance 
that the road is not so hilly as it appears to be, and that it is rendered shorter by tho 
snatches of pleasure which fall to the lot of the anxious traveller. 

There have been, and still are, various modes of classification ; and since; all depend 
upon the selection of certain parts of plants as their basis, it cannot surprise us that 
they should be held in various degrees of estimation. 

A prime consideration, in the selection of distinguishing characters, is, that tlioso 
.characters shall be constant, and not greatly influenced by accidental circumstances. 
Such a condition, if it exist at all, can only belong to those parts which arc essential to 
plants. These essential parts are connected with the function of reproduction, and havo 
been referred to in every system of classification ; but as nature does not slavishly follow 
the path which she herself has marked out, wo moot with occasional variety even here. 
The flower would naturally attract attention ; and in the earlier attempts at classifica- 
tion, its permanent parts, the stamen and pistils, were exclusively selected. This was 
called the sexual system ; and was first pointed out by our renowned countryman, Grew, 
in the scventccth century, and a century later was perfected by Linnaeus. 

This one prime principle of constancy , then, was that upon which the Linnsoan 
system was founded, and to which it still owes its continued existence. The system is^ 
moreover, very simple in its arrangement, and therefore has been at all times in favour 
with beginners, and with al] those who have not cared to drink deeply of the Pierian 
spring ; and, in spite of its insufficiency, it will doubtless bo handed down to succeeding 
generations. 

A perfect classification, however, demands more than mere constancy; and it is in 
these further requirements that the Linmean system has been found wanting. It is 
necessary that no violence bo offered to that uniformity of organization which is well 
known to exist in the vegetable kingdom, so that plants evidently widely dissimilar 
shall not be grouped together. Again, since all plants have qualities which are bene- 
ficial or prejudicial to the health of man or animals, and since these qualities are known 
to be associated with certain similarities of organization, it is demanded that plants of 
greatly dissimilar properties shall not be classified together. These two last require- 
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ments clearly call for a more extensive knowledge of the anatomy of plants than th^t 
upon which the sexual system was founded, and should more nearly approach to a 
na^ral association of these products of creation. Systems have been founded which 
are intended to answer to all the three above-mentioned requirements, and have been 
termed natural system, in opposition to that of Linnaeus, which, from its narrow basis, 
was known as the artificial system. It is evident, however, that the najtusal systems 
are the more desirable, and they are rapidly superseding the Linnsean arrangement ;*but 
as we arc addressing ourselves to an extended circle of readers, we deem it a duty, first, to 

make them acquainted with the latter, and then to give them an insight into the former. 

• 

Linnjean System. • 

. The Linnsean system is based upon tho existence of sexual organs, and is varied 
according to tho number and position of each division of these organs. In consists of 
classes and orders ; the former associated chiefly with tho stamens, and the latter 
with the pistils. • 

There are 24 classes, of which 23 belong to flowering and one to flowerlcss plants. 
A reference to the annexed plan will show that the first eleven classes are named 
according to the number of the stamens — viz., from 1 to 1$ stamens ; the last, however, 
admitting also of more than 12 stamens. Thd 12th and 13th classes have an indefinite 
number of stamens; but in the former (Teosandria) they are all attached to the calyx, 
whilst in the latter they remain free from their origin in the receptacle. This difference 
appears to he a trifling one, but it is constant, and in practice, moreover, is well defined. 
The 14th and 15tli classes depend upon the number and relative length of the stamens, 
there being two long and two short stamens in the former, Didynamia , and four long 
and two short ones in the latter, Tetradynamia. In the 16th, 1 7th, and 18th classes, the 
stamens are associated into bundles ; one bundle in Monodelphia , two in Diadelphia y and 
three or more in Tolydelphia . In the 19th class the stamens are also united into one 
bundle, Symjenesia ; but they thus form a tube through which the pistil passes. The 
class termed Ggnandria , indicates that the ^tamen and pistils® are united together. 
The 21st, 22d, and 23d classes, comprehend plants in which the male and female parts 
are not met with together in the same flower. Thus in Monacia separate male and 
female flowers are found on the same plant, whilst in Dicccia one plant is entirely male 
and another exclusively female ; and in Polygamia both bi-scxual and uni-sexual flowers 
grow on the same tree. The 24th and last class embraces an heterogeneous assemblage 
of low organized plants, having this one property in common, that their sexual organs 
are concealed, whence the term Cryptogamia . 

The foregoing 24 classes are divided into numerous orders. The orders of the first 
13 classes are based upon the number of the pistils, which vary from one, Monogynia , 
to twelve, Dodecagynia , and more than twelve, Polygynial whilst the 16th, 17th, 18th, 
20th, 21st, and 22d classes are subdivided into orders according to the number of their 
stamens. The nature of the ovary determines tho orders in the l^th and l«5th classes. 
The 23d class, or that termed Polygamia , has but one order, and that depends upon tho 
fact that certain of tho flowers on the same plant are bl-sexual, whilst others are uni- 
sexual. The 19th class, or Syngenesia , has orders depending upon the forms and 
fertility of the florets ; and the last one, Cryptogamia, is subdivided according to tho 
families of which it is composed. # 

The following tables contain a complete sumnAry of the Linnsean plan of classic 
fication. The reader will understand that tho taWe reads across the two pages. 
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COMPLETE SCHEME OF THE LINNiEAN CLASSIFICATION. «j^- 


CLASSES. 


1 . 

2 . 

8 . 

4. 

5. 

6 . 

7. 

8 . 
9. 

20 . 

11. 

12 . 

13. 

14. 

15. 
1G. 

17. 

18. 

19. 

20 . 

21 . 


NAMES. 

Mon-andria [/xovos, one ; uvdpor, male) 
Di-andria (At, tvto) . 

Tri-andria, 

*Tetr-andrla 
PenUandria 
Hex-andria 
Hept-andria 
Oct-andria . \ 

Enne-andria 
De-caMlria 
Dodocandria 
I cos-undr ia 

Poly-andria {ir 6 \vt, many) 

Didy-namia 

Tetra-dynamia ; # 

Mono-delphia (/iovU, one ; ATopor, brother 
hood) . 

I)ia-dclphia (Ar, two) . 

Poly-dclphia 

Syn-gcnesia together; 

Gy-nandria (71/vrji woman) 

Mon-ceciu (oikoc, house) 


DESCRIPTIONS. 




22 . Di-cecia 


<tit, birth) 


24. 


Poly-gamia ( 7 a/ior, marriage) 
Cryptogamia (npuinw, to conceal) 


1 Stamen. 

2 Stamens. 

S do. . 

4 do. • 

5 do. • 

6 do. 

7 do. . 

8 do. . 

9 do. . 

10 do. . 

12 or more Stamens 
20 do. attached to Calyx 

20 do. do. Receptacle* 

4 do. 2 long, 2 short 

0 l * fa. 4 do. 2 do. 

Filaments united into 1 set 

do. do. 2 sets . 

do. do. 8 or more sets 

Anthers united 

Stamens attached to the PiBtil . 

Flowers with Males only ; others with Females 
only on the same tree 
Flowers with Males only ; others with Females 
on different trees 
Unisexual and bisexual flowers on same and on 
different trees . 

The flowers not evident 


Tho simplicity of the system will be better observed on reference to the following 
plan, adopted from the u Encyclopedic den Contiaissances utiles ; M — 

TABULAR VIEW OF THE CLASSES OF THE LINN JEAN SEXUAL SYSTEM. 

e Classes. 

1. Monandria. 

2 . Diandria. 

3. Triandria. 

4. Trtrumiria. 

5. Pentandria. 

0 . llcxundria. 

7. Heptandria. 

6 . Oetnndriu. 

9. F.nneandria. 

10 . Decandria. 

Ml. Dodecnndria. 


* 

* 

s 

5 


3J 

1 


43 

s 

I 


Free. 


•S 

.3 

g 

« 

i 

•1 


Number of stamens. 


United. 


Number and Insertion. 
Proportionate size. 

By their filaments. 


By their anthers. 
Stamens placed upon the pistils. 


Flowers of one sex only. 
Sexual organs hidden. 


/l2. Icosandria. 
MS. Polyandria. 

J 14. Didynamia. 
*15. Tetradynamia. 
( 16. Monadelphia. 

) 17. Diadelphir 
1 18. Polyadelphia. 

19. Syngenesis . 

20. Gynandria. 

( 21. Montncia. 

22 . Dicccia. 

23. Polygamia. 

24. Cryptogamia. 


As we propose to givo, in vory«*brief detail, both the Linn®an and the Natural 
systems, and shall therefore have to travel twice over the same ground, it will be more 




THE CLASSIFICATION. 


153 


COMPLETE SCHEME OF THE LINNjEAN CLASSIFICATION. 

ORDERS. 


NAMES. 

Monogynia Digynia (tvvtt, a woman) 
JL)o. do. Trignia 

l)o. do. do. 

Do. do. 


Mono, 

Di, 

Tri, 

Tetra, 

Penta, 1 

Do. 

do. 

do. 



Do. 

do. 

do. 

do. 


Do. 

do. 

do. 

do. 


Do. 


do. 



Do. 

do. 

do. 


do. 

Do. 

do. 

do. 

do. 

do. 

Do. 

<k>. 

• 


do. 

Do. 

do. 

do. 

do. 

do. 


do. 

Heptagynia 
Hexagynia 
do. 


Pecagynfa 
Dodccagynia 
Polygynia 
do. 


BKBCRIPTIONS. 

1 and 2 Pistils. 

1, 2, 3 do. 

• 

1, 2, 4 do. * 

1, 2, 3, 4, 5, and many Pistils, 
ly 2, 3 do. 

I» 2 »4»&nd7 do. 
li 2, 3, 4 • do. 

1 , 3, 6, gdo. 

1, 2, 3, 5, and 10 do. 

1, 2 t 3, 4, 5, 6, and 12 do. 

1, 2, 5 do. 

1) 2, 3, 4, 5 do. 

Naked seeds. 

Seeds inclosed in a vessel. 


Gymnospermia (711/uvoc, naked ; trrrtp/ia, seed) 

Angiosperuna (0770V, a vessel) . . 9 

Siliculosa, small pod ; Siliquosa, large pod. 

Triandria, Pent., Hex., Hept., Oct., Dec., Dodec., and Polyandria. 
Do. do. do. do. 

’Do. do. 

Folygamia trqualis, Superflaa, Nccessaria, Segregata. 

Monandria, Diandria, Hcxandria. • 

Monandriu, Di., Tri., Tetra., Tent., Hex., Oct., leos., Poly., and 
Monodelpliia. 

Monandria, Tri, Tetra, Pent., Ilex., Oct., Enne., Dec., Dodec., 
Icos., Poly., Monodelphiu. 

Moncecia, Dicecia. 

Filicels, Lyeopods, Muscals, Licbenals, Fungals, Algals. 


convenient to our readers, if we illustrate the Linnsean system from tlio En glish flora 
exclusively, and the Natural system from the foreign planls. 

Class I. — Monandria. 

This is distinguished by having but one stamen, and is subdivided into two orders, 
Monogynia (one pistil), and Digynia (two pistils). It contains but few 
English plants — vis., five genera and fourteen species — and 
these remarkable neither for beauty nor utility. Four 
genera — viz., Salicomia, Ilippuris or Mare’s- tail (growing 
in ditches), 2 os ter a, and Chara, commonly known as 
Btoncwort or Water Horse-tail — have but one pistil; 
whilst the Callitrichc, or Starwort, is the only genug 
having two pistils. The Chara offers the most numerous 
species (six), and is, perhaps, the least uninteresting of all 
the genera. It is found in ditches both of fresh and 
salt water. The organization of members of this clgss is 



Fig. 303. 
Monandria 
Mouog'fhia. 



Fig. 304. 
Monandria 
Digynia. 


of a low grade. 

Class II. — Diandria. • 

This class has two stamens and two orders — vis., Monogynia and Digynia . It con- 
tains several plants of interest in the eleven genera, and thirty-nine species of which 
it is composed. Under the order % Monogynia we find the well-known Privet (Ligus- 
trum) ; the Fraxinus, or common Ashtroe ; the prolific, and almost ubiquitous weed 
Veronica, with its nineteen species; the Pmguihula, found in bogs; Utricularia ; 
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• Lycopus, ,or Cat-mint ; Salvia, or Sage; Circa) a, or tho Enchanter's Night-shade, found 
in country parks and under field-liodges ; the Lemna 


or Duckweed, covering every stagnant pool ; and the 
Cladium. The first eight genera have inferior mono- 
pctalous flowers, svliilst the Circaea has a superior flower, 
a^d the tov^o last are destitute of flowers. 

The most agreeable member of this class is the An 
thoranthum odoratum, a sweet scented meadow-grass, 
which possesses twb pistils r ; and, as it has but two 
stamen^ is cut off from the great family of grasses, to 



which it clearly belongs. 


Diandria Diandria 

Digynia. Monogynia. 


Class III. — Tiuandria. 


This is a most extensive and invaluable clars of plants, comprising all our British 
grasses except onejr including the various cereals, as wheat and oats, so necessary to 
mail. The members of this class are the means of sustaining the life of man, and of 
almost all animals, and are the most widely distributed, and the most abundant of all 
plants. * 

There are forty-eight genera, and one hundred and sixty-five species, arranged in 
three orders, Monogynia, Digynia , and Trigynia. 

The order Monogynia contains twelve genera, of which 
five have superior flowers, and contain medicinal or poison- 
ous plants, as the Valeriana, Crocu3, and Iris. Six others 
have superior flowers, and comprehend many of the com- 
mon rushes; and one is a true grass, the Nardus stricta. 

The order Digynia is remarkable for its natural assemblage 
of grasses ; twenty-eight of which have chaffy flowers in 
panicles, arranged in bracts containing one, two, or three 
flowers. Five otters — amongst wlmh arc the Wheat, 

( Triticum ), and Barley (. Hordeum ) — have a spiked inflores- 
cence. Of all these genera, only one is known to possess 
poisonous properties — viz., the Lolium i emulentum , or . . Fip ‘ 306, ( 

Bearded Darnel. The Festuca ovina and Duriuscula arc "Digynia? Monogynia. 

the most common grasses. 

This is a class of plants offering great difficulty 
to the young botanist, on account of the apparent 
resemblance of many genera, and the absence of 
the calyx and corolla of other plants. But this 
difficulty is not unconquerable ; and when it has 
been surmopnted the pleasure attending the 
acquired knowledge is very great. The characters 
of this inflorescence have been discussed at pages 
108 and 109. 

The third order, Trigynia , lias nothing in com- 
mon with the last order unless we except the 




Fig. 807. 

Triandria Trygynia. 


number of stamens, and this tends to show tho 
great defoct in the Linmoan system. It contains 


but three genera — Montia, Polycarf on, and Holostoum. 
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Class IV. — Tetrandria. 

Tine flowers in this class have four stamens, and one, two, or four pistils — Mono - 
gyma, Digynia , and Tetragynia . It is not an extensive class, having only twenty-two 
genera and sixty-five species ; and of these the large majority are valueless weeds. 

The order Monogynia is a % • 

/ft the largest, and contains 

T to fifteen genera, fo*r of which ^ 

w. have no petals — yiz. 9 Al-» 

chemilla, or Lady' s-m antic ; 

-/ Sanguisorba, Isnarda, and 

* Parietaria ; whilst nine are 

monopetalous, and two aro |i®; 

Figr. 308. polypetalous, with four 

Tetrandia Tetragynia. Tetrandia Digynia. petals. There arc seven * f 

genera, possessing four pis- Fig. 309. 

tils, and amongst them the Ilolly, Ilex, Lime-tree, TiLia, and Pond Tetrandria Monogynia. 
weed Potarnogeton. A few plants are supposed^ to possess %nedicinal properties, as the 
Rubin, or Madder ; Galium, or Bed-straw ; and Sanguisorba officinalis, or Great Burnet. 
The Dipsacus Fullonum, or Fuller’s teazel, the hairs of which (Fig. 113) are so useful 
to cloth workers, belongs to this class. Several other members possess a certain 
degree of beauty — as the Scubiosa and the Ilex, which is the cheering emblem in our 
Christmas festivities. The most numerous plants, under this head, are the Plantago, 
or Plantain, with its spike of sessile flowers, the Alchcmilla, and the Potarnogeton. 

Class V. — Pentandria. 

This is a most important, numerous, and varied class of plants, and has ninety-four 
genera and two hundred and ten species. The plants have five stamens, and one, two, 
three, four, five, six, or an indefinite number of. pistils (Polygynia)! It is not possible 
to give any one expression which shall represent this class as a whole ; but there aro 
many of its members which may be arranged together both in structure and properties ; 
so that the class is a compound of several bodies or classes of plants. 

Tlic order Monogynia is very extensive, comprehending no fewer than forty genera. 
Thirty-one of these have monopetalous corollas ; six arc polypetalous of five petals, and 
three are apetalous. Ten genera are closely associated together, as 
shown by having inferior monopetalous ‘flowers with two or fjV jj\ 

four naked (so-called) seeds, and a covering of rough hairs over / rjc 

the plant. Such are Symphytum or Comfrey, Eehium, Borago, ■ | f MJ 

Anchusa, orAlkanet-root, Cynoglossum, and the sentimentaf Myo- # 1 I VI 

sotis or forget-me-not. This is a compact and well-defined body \AjVy -Ji/ 
of plants. Fifteen other genera are distinguished from the above, * 
by having tho seeds more manifestly inclosed in a seed-vessel; Pentandria* Monogynia. 
and amongst these aro the beautiful Primula or Primrose, and 

Cowslip, Mcnyanthcs or Bog-bean, Anagallis, Convolvulus, Polemonium or Jacob’ s- 
ladder, Vinca or Periwinkle, and Verbascum ; as also tho poisonous Atropa, Belladonna 
or Deadly Night-shade, the Hyoscyamus and tho Solanura Tuberosum, with its poi- 
sonous berries and edile subterranean stem, known at the Potato. 

Tho six genera, with superior monopetalous flSwers, aro of mixed characters, and 
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three of them are well known — viz ., the Loniccra or Honeysuckle, Campanula or Bell 
flower, and Lobelia. 

Of the six genera with polypetalous flowers, four have them inferior, as the' Viola 
or Violet, and Rhamnus or Buckthorn ; whilst two are superior — viz., the delicious 
Ribes or Currants and Gooseberries, and the Hcdera Helix or common Ivy. 

The «0£der Diyynia is also very extensive and important, since there are thirty- 
six genera belonging to it, many of which possess valuable medicinal properties. Two 
of these are monopctalous — viz., the Gcntiana and the Cuscuta ; and four apetalous, 
the Beta maritima, Chcnop^dium, Salsola, Ulmus or Elm-troc, and Hcmiaria. The 



. Fig. 313. 

The Drosera, or Sundew. 

greater number are, however, distinguished by the umbelliferous mode of inflorescence, 
and constitute a naturally associated division. All have five superior petal? and two 
seeds, but differ amongst themselves as to the presence and arrangement of bracts. 
Amongst this numerous and highly-important class of plants we may mention the Carum 
carui or Caraway seed, Meum Fseniculum or Fennel — with its aromatic oil contained 
in the vittae of the seeds, the Daucus Carota or Carrot, Heracleum or Cow-parsnep, 
Pastinaca Sativa or common Parsnep, Bunium Flcxiosum or Earth-nut, sought after 
by boys and animals, and the Apium gravedlens or Wild-celery; the stately 
Angelica, the poisonous Conium Maculatum or Hemlock, Cicuta Virosa or Water 
Hemlock, Sium or Water Parsnep, the bitter Gentiana, and the Hydrocotyle with 
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its peltate leaf* The various genera of Parsley and Parsnep exceed any other in* 
number ; and nearly the whole of this largo subdivision may be naturally arranged 
toge flier. 

In the order Trigynia are two genera with superior flowers, which are well known : 
the Sambueus Niger, or Elder, with tho inflorescence called a cymef and the elegant 
Viburnum or Lilac ; and also three others of less notoriety, which have inferior flowers. 

The orders Tetragynia and Uexagynia have each one genus known well to botanists, 

and growing on bog£y ground — viz., Pamassia in 
the former, and Drosqja or Sfcndew in the latter. 
The Drosera is remarkable as being tj^e only 
English plant which exhibits sensibility to touch 
in a marked degree. It possesses a number of 
remarkable glands upon the surface of its leaves 
(page* 70), which emit a tenaccous fluid by which 
flics are caught, and which arc subsequently appro- 

The order Pentagynia possesses three genera, two of which are of interest— viz., the 
Statiee or Thrift, with its cheerful head of flowers, and the* Linum or Flax plant. 

The last order, Pulygynia , includes but one genus, and that of but little value — the 
Myosurus or Mouse-tail. 

Our readers will now perceive how remarkable is the combination of plants brought 
together by this class of the Linnscan arrangement, and how unfitting *it is that so 
many varied alliances should be enrolled under one head. It is also well to remember 
that three well defined natural classes may be formed out of many of its members, —tho 
one with the umbelliferous inflorescence ( Umbel l if era), another with a rough hairy 
cuticle ( Boraginacea ?), and a third with highly poisonous properties and sombre 
aspect ( Solanacece ). It is a class remarkable both for the beauty and utility of its 
members — a utility embracing both medicinal and dietetic qualities. 

Class VI. — IIexandbia. 

This class is characterized by having six stamens, and is divided into four orders — 
viz., Monogynia, JDigynia , Irigynia , and Polygynia ; and contains twenty -six genera 
and eighty-five species. 

It is remarkable as a class of flowering plants for the endogenous structure of its 
members, as evinced by the straight veins of its leaves, and possesses many plants of 
great beauty and a few of considerable utility. 

The order Monogynia comprehends nineteen genera, or two thirds <5f the whole 
class ; and, with the exception of the Berberis or Berber^, with* its compound leaves 
(page 1(^1), sensitive stamens and fruit capable of being used as an excellent pickle ; 
the Pcplis and the Frankenia, and a few others, have a perianth (Fig. 201), as a 
covering of the flower, and a bulb for their underground stem. As examples of the 
class, we may mention the Galanthus nivalis or Snowdr&p, or Narcissus Omithogalum 
or Star of Bethlehem, Ilyacinthus, Scilla or Squill, and Tulipa, all of which contain 
starch in their bulbs, and have beautiful flowers. The Convallaria or Solomon's Seal 
is an elegant member of this «*lass. The Asparagus officinalis, and Allium or 
Garlick, are* edible. The Acorus Calamus or Swtfbt Flag, emits an aromatic odour 
from its leaves and root, and is a grass not ohly used medicinally, but is mCuch 



Fig. 314. 

Pentandria Pentandria 

Pentagynia. Tetragynia. 


priated as fbod for the plant. 
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employed in India as an artificial shade, when it is drawn into a frame, and water thrown 
upon and "air driven through it so as to produco a low temperaturo and an aromatic 
odour. fi 

The genera having the greatest number of species are the J uncus or Hush, and 
the Luzula or ’WJpod-rush, under which terms are comprehended most of the Rushes 
growing jn fresh and salt water in this country. They comprehend thirty-seven 
genera. * 

The orders Digynia and Pol^gynia have but one genus- Oxyria in the former, and 
Alisma Plantago or t^e Water Plaintan in the latter. In the order Trigynia we find 
five genera, two of which ate worthy of mention : the Colchicum Autumnale, with 



Fife. 315. 

Hexandria Alonogynia. 



Fig. 316. 

Hexandria Polygyria. 



Fig. 317. Fig. 318. 

Hexandria Trygynia. Hexandria Digynia. 


its beautiful flower and medicinal cormus, and the common Rumex or Pock r and 
Rumex Acctosa and # Aceto^lla, the common and the Sheep's Sorrel. The latter 
class of plants have no corolla. 

Thus, whilst a few of the members of this class are worthless weeds, many others 
form the choicest parts of the collections of the horticulturists, and have obtained more 
attention in their cultivation, and improvement than almost any other native plants. 
They comprehend nearly all our native flowering endogenous plants. 


Class YII. — Heptan^ria. 

< 

This olass possesses hut one genus, the elegant European Chickweed Winter-green 
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Tricntalis Europea, which has seven stamens, and one pistil. Its calyx, corolla, and . 



Fig. 320. 

Hepftmdria Monogynia. 

sood-vessel are each divided into seven parts, and well illustrate the law mentioned at 
page 111. 


Class YIII. — Octandria. 

The plants of this class have eight stamens, and arc divided into four orders — viz., 
Monogynia , Digynia, Trigynia , and Tetragynia. These arc, however, few in number ; 
forming only thirteen genera and forty species. The general characteristic; of the class 
is rather that of beauty than of utility ; and yet it is far from being wanting in either. 



Fig. 321. Fig. 322. 

Octandria Trigynia. Octandria Digynia. 



Octandria Tetragynia. 



Fig. SJ4. 

Octandria Monogynia. 


As instances of beauty, we may mention that in the first order there are the JEnothera 
biennis, or Evening Primrose ; the Epilobium, or Willow-herb ; and the gentle Erica, 
or Heath, — than which nothing can be more lovely iji their separate characters. 

Amongst the genera which may be termed usefu}, we instance the Acer, or Sycamore 
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• and Maplo ; Vaccinium Yitis-idam, or Cowberry ; Vaccinium oxycoceus, or Cranberry , 
Yaccinium myrtillus, or Bilberry, with Daphne Mezcreum, or Mczereum, and Poly- 
goni um, both of which possess valuable medicinal properties. The l&st-namcdft plant 
belongs to the order Trigynia ; and three others, Adoxa, Paris, and Elatinc are ranged 
under the order Tetragynia. The Epilobium is the most abundant and fruitful in species, 
having irhje, which inhabit either dry or moist localities. It is probable that the whole 
class must be regarded as possessed of irritating properties. 

f 

« Class IX. — Enneandria. 

This class, like Heptandria, contains but one 
genus and one species, the beautiful Butomus 
Umbellata, or flowering Bush, growing in ditches 
and the borders of stagnant waters. It has sjx 
pistils ; and, consequently, the sole order in the 
class Enneandria is Hexagynia. 

Fig. 325. — Enneandria Hexagynia. 

« 

Class X. — Decandria. 

This is a well-defined class of plants, the members of which arc, for the most part, 
fitly associated together. They have ten stamens, and two, three, or five pistils, 
and consist* of twenty-one genera and one hundred and Beven species. A few are 
beautiful ; but the majority are weeds, though not without a certain degree of interest, 
since they enliven by their small and modest flowers our mossy banks and waste places. 

The order Monogynia has five genera, two with polypetalous flowers — Monotropa 







Fig. 326. 

Decandrip Monogynia. 


Fig. 327. 

Decandria Digynia. 


Fig. 328. Fig. 329. 

Decandria Fentagynia. Decandria Trygynia 


and Pyrola, or Winttfr-grecii — and three with only one petal, as the Arbutus or Bear- 
beny. There are five genera in the order Digynia — vis., Sclcranthus, Chrysosjdenium, 
Saxifraga or Saxifrage, Saponaria, and Dianthus or Pink; whilst the order Trigynia 
has the Arcnaria or Sandwort, Stellaria or Stitchwort, Silcnc or Catch-fly, and Cherleria 
— all weeds. The fourth order, or that called Fentagynia , has seven genera — the 
Lychnis; Cerastium, or Mouse-car Chickwced; Scdum, or Stone-crop; Cotyledon; 
Oxalis Acetosella, or Wood-sorrel ; Agrostem ma ; and Spcrgula. The Dianthus, 
Saxifraga, Lychnis, and Oxalis are doubtless the most beautiful ; whilst the Pyrola and 
Arbutus exhibit certain fecblo medicinal qualities. The class is somewhat remarkable 
for the number of species in proportion to that of the genera. 



Class XI.— Dodecandbia. 

IJitherto the classes have succeeded each other by the addition of one stamen; but 
this addition is of two, there being no English plant with cloven stamens. The order 
contains but five genera and eight species (each plant having twelye stamens), sub- 
divided into five classes — viz ., Monogynia , Dt'gynia, Trigynia, , Tetragynia , and Dodeea- 
gynia (twelve pistils). The genus and species Sempervivum tCctorum, or House- 


Fig. 330. Fife. 33 1 . Fig. 332. 

Dodecandria Tetragynia. Dodecandria Trigynia. Dodecandria Digynia. 

leek, is the best known, and belongs to the order Dodecajsynia ; after which may be 
placed the Agrimonia Eupatoria or Agrimony (*Digynia), and then Reseda (Trigynia), 
and Asorum and Lythrum (Monogynia). The Agrimonia is presumed to possess slight 


Fig. 338.— Dodecandria Monogynia. F! fc. 334. — Dodecandria Polygynia. 

medicinal properties ; but the whole class is deficient, not only in number, but in 
beauty and utility. 

Class XII. — Icosanduia. 

This is a most interesting class of plants, second, if at all, only to Triandria ; and is 
one of those which chances to be well comprised in the Linnacan system. It contains 
twelve genera and sixty- sc von species ; and, with the exception of the Pyrus Aucuparia, 

or Mountain Ash, is cither edible or harmless. It is dis- 
tinguished less by the number than the position of the 
stamens — for there are an indefinite number of stamens 
but they are attached to the calyx (Epigynous, Fig. 218 
and so distinctive is that arrangement, "that a member o 
the class is instantly recognized. 

It is divided into three orders — Monogynia , Tentagy - 
f?uz, and Polygynia . Prunus, or the Cherry and Black- 
Fig. 338.— An loosandrouB thorn, is the only occupant of the first order ; whilst three 

delicioiis plants — M ospilus or Hawthorn and Medlar, 
Pyrus (Pear, Apple, and Crab), and Spirma or Meadcftv-sweet — have from two to fiye 
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'■stamens, and are arranged in the order Pentagynia. The third order has more than five 
pistils, and is termed indefinitely Polygynia ; and in it are found the Rosa or Hose, 
Rubus or Bramble and Blackberry, Frag&ria or Strawberry, Oeum, Dryas, Tovyien- 
tilla, Potentilla, and Com arum. 

It is thus evident that this class comprehends nearly all our edible juicy fruits, 
besides the beautiful flowers which precede them, and such others as the Rose. It is a 
dass of plants most readily diagnosed, in whatever part of the world they may be found, 
and, moreover, are, with few exceptions, healthful as food. A slight medicinal astrin- 
gent influence is attf ibutablo to the Tannin, which is present in small quantities in 
such plants as the Potentilla, Tormcntilla, and the Rose ; and it is not improbable that, 



Fig. 336. Fig. 337. 

Icosandriu Polygynia. Icosandria Monogynia. 


in a slight degree, it pervades the whole. This class of plants is, however, of greater 
use to tho horticulturist than to the physician; for none aro more susceptible of 
improvement from culture and admixture of species than the beautiful Rose (Fig. 207), 
the Strawberry, Apple, and ether juicy fruits. 


Ct.A.88 XIII. — PoLYANDlllA. 


This class differs, in a remarkable degree, from the preceding, especially in the 
powerful medicinal qualities with which its members are endowed. In this respect it 
resembles only a part of the heterogeneous class Pentandria, and with that division of 
plants furnishes many poisonous narcotic and narcotico- acrid substances. It has nearly 
double the number of genera, and yet fewer species than those possessed by Icosandria 
viz., twenty -two genera, and fifty-five species. It is determined by the presence of 
numerous but an indefinite number of stamens, similar to the class Icosandria ; but tho 
two classes present some difference, the former having the stamens inserted beneath 
the ovary, and therefore hypogynous (Fig. 22.5), as in the Poppy. It is divided into 


three orders, named Monogynia, Pentagynia , and Polygynia . 

The order Monogynia contains eight plants, of which four 
(viz., the Papavcr or Poppy, Chelidonium, Glaucium or Horned 
^oppy, and Actsea) have only four petals; whilst two (the 
Jlelianthemum) or Rock Rose, and Tilia Europma (or the Lime 
Tree), have five ; and two others, which are water plants (tho 
Nymph sea A1H* or the White Water Lily* and tho Nuphar 
L*tea and Pamila or the Yellow Water Lily), have an indefi- 
nite number of petals. The above distinctions are, however, Fig. 33ft.— Polyandria 

somewhat illusory; since no plants more than theSt} now men- Monogynia. 

tdoned have the power of multiplying their petals by cultivation at the expense of the 




Fig. JM. 

Folyundrin Monogynia. 


Fig. 340. 

Polyundria Pcntagynia. 


Polyandria Polygyniiu 


to six pistils, and includes the splendid Pteonia or Pceoxfy, Delphinum or Larkspur, 
Aconitum or Monkshood, Aquilegia or Columbine, and the Stratiotes. 

There are nine genera in the order Polygynia, each of which have an indefinite 
number of instils ; and many of these are remarkable for their sombre beauty. Thus 
there are the Clematis, Anemone, Ilellchorus or Hellebore, Adonis, Ranunculus or 
Crowfoot, Thalietrum or Meadow-rue, Caltha Palustris or Marsh Marigold, Trollius, 
and Ficaiia. 

This class is therefore remarkable for its powerful medicinal or poisonous properties 
—properties which pervade the class as a whole — and for its flowers, of a deep colour 
and sombre beauty. Amongst the former we may mention the Papavcr, which supplies 
so vast a quantity of Opium (page 51), Ilellchorus Niger or Black Hellebore, and 
Aconitum, all of which still supply medicinal .preparations ; whilst the Chclidonium, 
Delphinum, Ficaiia, Ranunculus, and several others, are known to be poisonous. The 
Tilia affords a delicious scent when in bloom ; whilst the flower of tlio NymphoBa 
Alba, Pieonia, Hclianthemum, Delphinum, Aquilegia, Anemone, and Adonis, may well 
take rank amongst the most favourite productions of our gardens and ponds. The 
Nympluea is also remarkable as yielding beautiful stellate cells (page 11) ; whilst the 
Papavcr and Chclidonium possess a large quantity of laticiferous tissue (page 29) and 
milky juices. The Ranunculus is the only plant bearing a true ncctarium on the 
claw of its petal (page 69). 


Class XIY. — Didynahia. 

Wc have now passed in review all the classes which are founded simply upon the 
number of stamens and their position, and proceed to those -which are based on 
more complex phenomena. The one now under consideration has only one other 
element added to that of number — viz., the relative length of tho stamens, not as an 
accidental but an essential fact. The class Didynamia is characterized by having two 
long and two short stamens (Fig. 223), and is divided into two orders— vts., Gym - 
nospermia , in which the seeds do* not exceed four ^n number, and appear to be, but 
really are not, naked at the base of the flower ; an£ Angiospermia, having the seeds m 
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a manifest ^capsule. It is requisite to remark, that when Linnaeus founded his classi- 
fication, the seeds in the order Gymnospermia were believed to be naked ; but more 

recent investigation has shown that they ff^ere 
inclosed in a flattened two or four-celled 
ovarium. This, therefore, is an incorrect 
division of the class ; but it has its value, 
since the seeds, as they lie at the bottom of 
the ovarium, seem to be naked. 

There is a further general characteristic 
of this class — viz., the labiate or bilabiate 
corolla (page 115), which is found in the 
major part of its members. 

There are thirty-four genera, and eighty- 
five species, in the class Didynamia, and 
of these twenty gefiera arc arranged in the order Gymnospermia. The calyx is two- 
lipped in six genera — viz the Origanum or Marjoram, Thymus or Thyme, Prunella, 
Scutellaria, Melittis, and Clinopodium ; but it is nearly regular, and divided into five 
segments in the major par. of the order, as the Mentha (Peppermint, Spearmint, 
Bergamot-mint, Pennyroyal, &c.), Nepcta or Catmint, Marrubrium or Horchound, 
Betonica or Wood Betany, Lconurus, Glccoma or Ground Ivy, Lumium or Dead 
Nettle, Galeopsis, Teucriutn or Wood Sage?, and others. Nearly the whole of the 
members of this order are common way-side and water-side plants ; but they possess 
valuable medicinal properties, as in the essential oils found in little reservoirs of the 
leaves of the Mentha, Origanum, and Thymus ; and a bitter principle, which is well 
known to herbalist housewives, residing in the Marrubium, Betonica, and others. It is 
probable that no member is decidedly poisonous. 

The order Angiospermia differs not only in having an evident capsule, but in the 
possession of poisonous qualities, at least in several of its members, and is an instance 
in which plants of diverse affinities hav/? been improperly arranged together under the 
same head, simply because one point in their organization seemed to indicate a resem- 
blance. 

The number of sepals is again a mark of distinfction. Thus the genus Orobanche 
has but two sepals, whilst the Euphrasia or Eye-bright, Rhi nan thus or Velio w Rattle, 
Latlirsoa, Bartsia, and Mclampyrum, have four segments of the Calyx, and eight have 
the Calyx five-cleft. The last division contains the most important members of the 
order, and of these the Digitalis, or Foxglove, takes precedence. That plant yields a 
product from its leaves which is of great value in medicine, and which on many occa- 
sions has inadvertently produced death. There arc also the Scropliularia or Figwort, 
common in ditches and on banks, Antirrhinum or Snapdragon, Linaria or Toad Flax, 
Pcdicularis or Louscwort, and the modest Linncea Borealis, named after the great 
founder of this system. 

None of the members of this order possess the aromatic properties mentioned in the 
preceding order ; but there afo several which add much to the gaiety of our fields and 
shady lanes. In neither order arc there any plants which afford nutriment to man. 

Class XV. — Tetradynamia. 

This class resembles the last, inasmuch as it has stamens of different lengths ; but it 
differs in having four of them long fnd two short (Fig. 344). The two short ones are 



Yip. 342. Fig. 343. 

Fig. 312. — Didynamia Angiospermia. 
Fig. 343. — Didynamia Gymnoapermia. 
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piacca at the suies of the others, and the whole are inclosed in a flower, whicn naa* 
invariably four petals, arranged in the form of a Maltese cross, and hence termed 
Cruciate (Fig. 344). Upon the wholo it is a well-defined and arranged class, and 
may be readily distinguished by the construction of the flower* and the pod-like seed 
vessel which its members possess. It is divided into two orders by somewhat indefinite 
boundaries — viz., Siliculosa , signifying a short pod (Fig. 345) ; and S iliquosa ^ indicating 
a long pod (Fig. 346). There are twenty-eight genera and sixty-eight species in the 
wholo class. • 

The order Siliculosa is again subdivided into such members Ms have the pod entire 
at the top, and others in which the pod is there notched. The former comprehends ten 
genera, amongst which are the Cochlcaria Armoracia or Horse-radish, with other 
specie^ of tre same genus, Crambe Maritima or Seakalc, Cakilc or Sea Rocket, and 
Subularia or Awl-wort ; whilst in the latter there are Thlaspi or Shepherd* s-pursc, 


or Candy-tuft, and Lcpidum or Pepper-wort. 



Fig:. 314. — Trtradynamia. Fig. 345. — Siliculosa. Fig. 346. — Siliquosa. 


The second order, Siliquosa, contains fourteen genera, and amongst them are plants 
of greater interest. Thus there is the Brassica (Cabbage,. Rape, Turnip, Navew, and 
Seakale), Sinapis or Mustard, Raphanus or Radish, Nasturtium Officinale or Water- 
cress, Barbarea or Winter Cress, Arabia or Wall and Rock Cress, all of which are 
useful edible plants ; Cardaminc or Ladies* Smock, and other species, Matthiola or 
Stock, and Cheiranthus or Wall-flower, which arc favourite indigenous flowers. 

The class Tctradynamia is therefore ranked amongst the most useful of our vege- 
table productions, since it supplies much of the green vegetable food used by man, as 
well as condiments and aromatic perfumes. The nutritive properties of the Brassica or 
Cabbage are computed as 1 to 16 of Horse Beans, Lentils, Teas, and Haricots; 1 to 8 
of Wheat and Oats ; 2 to 1 of Turnips, and of equal proportions to Carrots and old 
Potatoes ; and is chiefly due to the relative quantities of starch contained within their 
cells (page 32). 

Class XVI. — Monodelphia. 

This and the succeeding classes are founded upon another feature in connection 



Fig. 347. Fig. 348. Fig. 340. 

Monodelphia Pentandria. Mond&elphia Polyandria. Monodelphia Decandria. 

with the stamens — viz., the adherence of their filagients, so as to produce one, two, 1 or 
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more sets. -Tn the small class, now under consideration, the filaments are united together 
into one bundle, which may consist of five stamens, as in Erodium or Stork’s bill ; of 
two stamens, as in the allied genus Geranium ; or of an indefinite number of stanpens, 
as the Malva or Mallow (Fig. 219), AlthsBa or Marsh Mallow, and Lavatcra or Tree 
Mallow. Those four genera constitute the whole class, and are subdivided into the follow- 
ing orders as above intimated — Pmtandria , Dtcandria, and Polyandri a. None of them 
are either edible or poisonous ; but the Malva and Althaea have been employed in 
domestic medicine on account* of the mucilaginous juices which they yield. The 
indigenous Geranium* or Crane’s bill, offers thirteen species; but, whilst they are 
interesting wayside herbs, they are infinitely inferior in beauty to the cultivated flowers 
which more commonly bear that name. The whole class consists of five genera and 
twenty -two species. 

Class XVII. — Diadelphia. 

• This is a class 9 ! very great importance, and' is fitly associated with the Tcosandria? 
Triandria, and Tctradynamia, in supplying nutritive and pleasant food for man and 
animals. It contains eighteen genera and seventy -four species, and, as a whole, is a 
tolerably well-associated cl^ss of plants. It is characterised by having the filaments 
of the anthers arranged in two sets (the* second set usually consisting of but one fila- 
ment, Fig. 221 ) ; and, as a rule, they are inclosed in the carina or keel of the .Papilio- 
naceous corolla (Fig. 213). It is divided into three orders, according to the number 
of the stamens — viz., Hexandria , in which there is but one genus, the Fumuria, or 
Fumitory growing in corn-fields ; Octandria, also consisting of one genus, the Polygala 
or Milkwort ; and, lastly, Deeundria, which comprises the remaining genera. The orders 
Ilexandria and Octandria offer nothing of importance ; so that it is to the Dccandria 
that we direct our attention. I 11 this order the ten stamens are invariably arranged in 


fig. 350 . Fig. S51-* Fig. 352 . 

Diadelphia Ilexandria. Diadelphia Dccandria. Diadelphia Octandria. 

a set of nine and an odd one, which is not readily separable from the nine by any ono 
ignorant of its separate existence. It usually lies attached to the thin edge or faco of 
the mass of filaments. The following are the chief members of this class : — the Pisum 
or Pea, Vicia or Vetch, Antbyllis or Kidney Vetch, Orobus or Bitter Vetch, Lathyrus or 
Vctehling, Hippocrcpis or Horseshoe Vetch, Astragalus or Milk Vetch, Ervum or Tare, 
Trifolium or Clover, Lotus or Bird’s Foot, Ulex or Furze, and Genista or Brqtom ; the 
latter, with the Ulex, Anthyllis, and Ononis being the only instances in which all the 
stamens are united at their base. The Pea is the only member supplying human food 
under ordinary circumstances ; but in seasons of dearth others have been used, and 
again may be used with great advantage. Nearly all the remaining genera are com- 
monly used as food for animals, and a very few have medicinal properties, as the 
Genista and the Fumaria Officinal^. None are poisonous. 

They are, for the most part, climbing plants with pinnate leaves, and the midrib 
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elongated into a tendril or cirrlius (Fig. 185). The prevailing colours of • the corolla 
axe yellow or red. 

• Class XVIII. — Polydelphia. 

This class consists of one genus, Hypericum or St. John’s Wort, and eleven genera, 



Fig. 353.— ^Polydelphia Polyandria. 

and has the stamens divided into three, four, or more sets (Fig. 220). It is not other- 
wise of interest. It belongs to the order Polyandria . 

Class XIX. — Syngenesia. 

This is the largest class of plants in every Flora, and is one of exceedingly well- 
defined characters. It is also one of some difficulty to the young botanist in determining 
the species, and even some of the genera ; but the mere class-characters* are, even to 
him, of most ready discernment. Its distinguishing feature is the union of the anthers 
(not necessarily of the filaments also) into a tube through which the pistil passes 
(Fig. 222). The flowers are also arranged on a capitulum or head, and, in many 
instances, those of the margin or ray differ in size, or othor particulars, from those of 



Fig. 354. Fig. 355. Fig. 356. 


Polygamia Equalis. Polygamia 8u£erflua. Polygamia fruatanea. 

the centre or disk ; and hence the flowers of the head axe frequently divided into florets 
of the ray and florets of the disk. The whole florets arc* surro&nded by an involucre 
of bracts, and each separate floret has a small calyx, which is commonly chaffy. The 
part uptfci which the flowers are placed is called the receptacle (Fig, 193). There are 
forty-one genera, and one hundred and thirty-three species. 

This class is divided into three orders. The first is Polygamia Equalis , in which all 
the flowers are perfect, having five stamens and one pistil, and producing one seed. 
It contains 22 genera and 71 species, and is subdivided into three parts, accord- 
ing to the form of the corolla. ^Twelve genera have all the corollas strap-shaped. 
Such arc the Cichorium or Chicory, the root of whish is ground to powder, and usedaa 
a substitute for Coffee ; Lactuca or Lettuce, which in its wild state is poisonous, byt 
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yrhen cultivated may bo eaten with impunity ; Prcnanthes, or Wall-lettuce ; Lcontodon 
taraxacum or Dandolion, with milky medicinal juices ; Sonchus or Sow Thistle ; Iliera- 


Fig. 357. 

Detached floret of the ray in the Polygamia Superflua. 




Fig. 358. 

Polygamia Equalis. 




cium or Hawk Weed ; Apargia or Hawkbit ; and fragopogon or Goat’s Beard. Tho ten 
remaining genera have all the corollas tubular ; six with the florets spreading so as to 
form a hemispherical head and face, with the florets lying parallel and crowded together, 
and forming nearly a level surface at the top. Amongst the former arc the Carduus and 
Cnicus, two forms of prickly thistle, and Arctium or Burdock ; and of the latter are the 
Bidens Bur Marigold, Diotis, Eupatorium, and Chrysocoma. 

The second order is Polygamia Snperjlua , in which all the florets are fertile ; but 
yet in many cases those of the ray have pistils only. The marginal florets appear 
wanting in tho Artemesia or Wormwood, Tanacetum or Tansy, Gnaphalium or Cud- 
weed, and Conyza or Spikenard ; whilst they are developed, and have a strap-shaped 
figure, in all the remaining orders. Amongst the latter are found the modest 4< wee 
crimson tipped flower,” the Beilis Perrennis, Tussilago farfara or Colt’s- foot, Anthomis 
or Camomile, Achillea or Millefoil, Scnecio or Groundsel, Aster or Starwort, Chrysan- 
themum or Ox-eye, and Com Marigold, Pyrcthrum or Fever-few, Solidago or Golden 
Bod, Inula or Fleabane, and Cineraria or Fleawort. 

Tho third order is called Polygamia Fn**tranea t and has perfect and fertile florets of 
the disk ; but the florets of the ray have neither stamens nor pistils, and hence tho 
term “ Frustranca.” The Centaurea, or Centaury, is the only genus, with its seven 
species. 

On taking a review of this extensive class wc find that the Lettuce, in its cultivated 
state, and the dried root of the Cliichorium, are the only members which afford nutri- 
ment to man. Certain others, as tho Sonchus, Loontodon, Carduus, Cnicus, and 
Scnecio are eaten by various animals. Many members have been more or loss 
employed medicinally, and it is probable that medicinal properties are possessed by the 
whole class. Those which have been most commonly used are tho Anthemis, Tus- 
silago, Artemesia, Lcontodon, Hieracium, and Inula. Some of these, with tho 
Lactuca and many other members of the class, abound in Laticiferous tissue and milky 
juices ; and to those may chiefly be attributed the medicinal effects of the plants. They 
grow exclusively, or nearly so, on dry land, and many of them in wosto places. But 
few have been thought worthy of horticultural cultivation. 


Class XX. — Gynandria. 

This is a very curious class of plants, and at the present day are very fashionable. 
In this country they grow chiefly \n meadow lands and moist soils j hut in tropical 
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regions they are beautiful parasites upon decaying trees. No more splendid conception , 
of a flower can bo obtained than that which is offered by some members of this class 
now collected in the Royal Gardens at 
Kew. The class is distinguished by 
having the stamens situate upon, or 
connected with, the style or other part 
of the pistil. There are three orders— 

Monnndria , Diattdria , and Hexandria ; 
but all the British genera belong to the 
first, except Cypripedium, which has 
two stamens, and Aristolochia, which 
has six stamens. 

The order Monandria has ten genera, 
while the whole class consists of twelve^ 
genera and thirty-seven species. The 
anther is fixed, terminal, and permanent in the Epipactis ; and moveable and deciduous 
in the Malaxis and Corallorhiza. It is parallel to the stigma, and of two cells close 
together in the Neottia, Goodyera, and Listcra ; and either of two vertical cells ; 
permanent, fixed to the summit of the style in* Orchis, Aceras or Green Man Orchis, 
Ophrys or Fly Orchis, and Ilerminium or Green Musk Orchis. 

Our native specimens of this class arc not especially interesting, except the common 
Orchis, with its variegated corolla and green leaves spotted with black, as it is growing 
on a rich moist meadow. They are not used as food, except the so-called tubers of a 
few members which have yielded an amorphous form of starch. The general charac- 
teristic of the class is acridity ; but they are not employed in medicine. The whole class 
is peculiar, inasmuch as from the conformation of their sexual organs they need the 
intervention of an insect, as the Bee, to carry the pollen from the anther to the stigma, 
and ensure fructification. 



Fig. 350. Fig. 360. Fig. 3G1. 

Gynandria Gynandria Gynandria 

Hexandria. Diandiia. Monandria. 


Class XXI. — Mon<ecia. 

In each of the preceding twenty classes every flower has been bisexual, and conse- 
quently every tree bearing flowers 
must have them in this hermaphro- 
dite condition. The three following 
classes are exceptions to the general 
rule, and have flowers of one sex or 
of two sexes, and on thg same or on 
different trees. In the class Monoecia? 
the flowers are unisexual, some 
having stamens only and others only 
pistils on the saide plant. It is a 
highly important class, sinco it contains a considerable ^number of our forest trees. 
It is divided into seven orders — n'z., Monandria , Diandria , Triandria , Tetrandria , 
Tentandria , Polyandria (more than five stamens), and Monodelphia (filaments united 
into one brotherhood), and together contains twenty-five genera and one hundred and 
eight species. 

The order Monandria (one stamon) possesses but two genera — tho Euphorbia or 




»Fig. 362. — Moncockk Monodelphia. 
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‘Alonaeciu Fentandrla. Monoocia Tetrandria. 

Fig. 367.— Moiutcia Triandria 

the whole hundred and eight species found in the classes Typha or Reed Mace, and 
Sparganium or Bur-reed ; all of which, with the Elyna, grow in marshy and muddy 
places. 

The order Tetrandria (four stamens) has five genera — vtz. 9 Aluno Glutinosa or 
Common Alder-tree, Buxus Sempcrvimns 
or Box-tree, Urtica or Stinging Nettle, 

Littorclla, and Eriocnulon. The stinging 
secreting hairs of the Nettle, with their 

circulation, have been described at pager 67. jBsjfjjry 

There are only three genera in the order _ 

— Pentandria (five stamens) ; Bryonia or 'mf 

Bryony ; Xanthcum, and Amaranthus ; — 

whilst the order Polyandria (more than five Fig. 368.— Monowta. Pclyandria. 

stamens) has ten genera, several of which 

are our most important wooded trees. Thus we find the Quercus or Oak, Bctula or 
Birch, Fagus or Beech (Fig. 125), and Chestnut and Corylus or Hazel, amongst 
trees; with Carpinus, Sagittaria (Fig. 173), Ceratophyllum and Myriophyll-m ; and, 
last, the Arum Maculatum or Wake Robin (Fig. 76), with its starch-containing corraus. 
The valuable Pinus, or Pine-, tree, is the sole occupant of the last order, or Monodelphia. 

It is scarcely possible, in so heterogeneous an assemblage of plants, to fix upon any 
leading common characteristic ; hut although no member, except the corm of the Arum, 
and the nuts of the Fagus, Quercus, and Corylus, offers anything for the food of man or 
boast, neither is any, except the Oak-bark, employe*! in medicine, it is highly probable 
that valuable astringent and perhaps acid properties are common to them all. The 


Fig. 368.— Monooofa Pclyandria. 
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Betula yields a fermenting juice, from which a good wine is produced (page 23) ; and 
the Pinus affords turpentine and rosins ; but it is the wood which this class yields that 
contributes to its value. 

Class XXII. — Digbcia. 


This agrees with the former in all the flowers being unisexual, and having either 
stamens or pistils alone ; but it differs in this respect, that the two sexes occupy different 
trees. Thus one plant has wholly male flowers, and «an other has exclusively female 



Fig. 369. — DicDcia Triandria. Fig, 370. — Dioecia Icesandria. Fig. 371. — Dioccia Enneandria. 

ones. It contains fourteen genera and eighty-fwo species, divided into twelve orders, 
— viz., Monandria , Diandria , Triandria , Tctrandria , Pcntandria, Hexandria , Octandria, 
Enneandria , Decandria, Jcosandria , Polyandria , and Mond&elphia. This extreme 
division of its contents clearly proves that it possesses very heterogeneous materials. 



Fig. 37 SP. — Dioccia Octandria. Fig. 373. — Dioccia Pcntandria. Fig. 374. — Dioccia Ilcxundria. 


The order Diandria is occupied by the genus Salix — a genus which affords sixty-four of 
the cighty-two species of the class. It is known by the catkin inflorescence described 
at page 106 . Triandria and Tctrandria have three genera each ; and of these only one 



Fig. 375. — Dioccia Diandria. Fig. 876.— Dioecia Monandria. Fig. S77.~DifBoia Dodeeandria. 


of the latter, Yiscum Album, or Mistletoe, deserves mention. The valuable and scarce 
Humulus, or Hop, occupies the outer Pcntandria ; and Tamus, or Black Bryony, the order 
Hexandria. Populus, he Poplar-tree, is found ih Octandria ; and Mercurialis and 
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.Hydrochaps in Enncandria. Coniferous trees monopolize the last order, Monodel- 
phia — viz. t Juniperus or Juniper, and Taxus, or Yew. 



* 




Fig. 378.— jDioccia iS'ecaiidria^ Fig. 370. — Dioccia Polyandria. Fig. 380. — Dicecia Monodclphia. 

The 'Salix and the Fopulus are capable of yielding a medicinal substance, which is 
said to bo a good substitute for Quinine ; the J uniperus an oil which is employed both 
medicinally and in the preparation of Hollands ; and the Humulus a bitter ‘prihei pic, 
which should be used in the manufacture of ale, and a narcotic principle which is 
employed in medicine. The Taxus is one of our most enduring trees, and has been 
known to live upwards of two thousand years. The latter plant offers glandular woody 
tissue, with a spiral fibre (Fig. 60). The Mistletoe Berry, Viscum Album, is an essential 
clement in our Christmas ag angements, and has been so for many ages. The plant is 
one of those which took part in the ancient Druidical rites. The whole class possesses 
acrid or narcotic acid poisonous properties. 

Class XXIII. — Polygamia. 

* 

This represents a condition of the sexual organs which is intermediate between the 
two last classes ; and has hermaphrodite or unisexual flowers indifferently on the same 
or on different plants of the same species. It has but one member — the Atriplex, a 
common and valueless weed on dunghills and waste places. It has seven species. 

Class XXIY. — Ciiyptogamia. 

The characteristic peculiarity of the members of this class is, that they do not possess 
sexual organs, or that they so conceal them that they have not as yet been discovered. 
But very few, comparatively, were known to Linnaeus ; and of those known in our day, 
the most beautiful, as well as the greatest numbers, arc foreign to our shores. Some 
of them inhabit the most desolate regions, as the Lichens of Lapland ; whilst others 
abound in tropical regions, as the Tree-ferns, to which reference has already been made. 
They are commonly known as Sea- weeds, Mushrooms, Lichens, Mosses, and Ferns, all 
of which are flowerlcss Sea- weeds. 

The term Algae is a comprehensive term, capable of wider signification than the 
corresponding one of Sea- weeds, by which it is commonly represented in our language. 

It comprehends a very largq proportion of the lowest division of rthe vegetable kingdom, 
or that which seems to he almost common ground between the lowest forms of both 
vegetable and animal organization. It is now commonly divided into severed groups, 
as the Brittle- woris, Confervas, true Sea- weeds, Rosetanglcs, and Charas. 

Brittle-worts (Diatomaccoq and Dcsmidioe) constitute the slime which is found upon 
the surface of stems, and are commonly so minute as to bo microscopic objects. They 
are fragmentary, brittle bodies, generally bounded by right lines, and of a green colour ; j 
and with the slime in which they nestle afford protection and food to microscopic ani- 
malcules. Many of them inhabit salt, and others the fresh waters, and most of them 
develop starch within their eella. Amongst the chief genera Wb may mention Diatonia, j 



MUSHROOMS. 


173 


Desmidium, Achnanthcs, Gomphonema, Exilaria, Fragillaria, Micromega, • Beckleyv 
Cymbella, Navicula, and Euastrum. 

(bnfervaa also inhabit both salt and fresh waters, but are commonly of an olive, 
violet, and red, rather than a green colour. They consist of a series of cells of various 
forms, os cylindrical tubular globes, or elliptical, and grow by the subdivision of their 
cells, and the propagation of spores within the cells. Their forms are extremely varied, 
and their distribution almost universal. The Protococcus, Haematococcus, Porphyra 
(stewed and eaten, as Lava), Ulva, Common Nostooj or Star-jelly, Palmclla, Con- 
ferva, and Penicillum, arc genera commonly known. 

Fucusy or Sea- weeds, are closely connected with Confervas both in structure *pid situ- 
ation. They differ in their mode of reproduction, *for the reproductive organs arc situate 
without tjie plant, appearing as little green worts invested by a thin membrane ; and 
the male organs, or anthcridia, have the spiral filament, before described under tho 
head of Mosses. Some of them are ^eatable, and are eaten by various people in the 
Pacific, as well as in tho instances of tho Alaria JEsculcnta, and Fuifus Yesiculosus, by 
the inhabitants of Ireland, Scotland, and the northern islands. They arc, however, 
of still greater use to man by affording soda in the impure form of kelp, which is used 
largely by soap makers and glass manufacturers, and also jiodine, which is yielded by 
many genera, but more particularly by the Ecl£lonia Buccinalis of the Cape of Good 
Hope, and by many on our own shores. 

Rosctangles (Ceramiceae) or the Corallinos, are also Sea-weeds, but usually have a 
rose or purplish colour. They consist of cells of various forms, arranged in one or 
more rows, so as to produce an articulated frond, and are propagated by spores formed 
in threes or fours within a mother cell. They are entirely marine ; and yield a greater 
number of genera, which are edible by man or animals, than any other form of Sea- 
weeds. Of the edible ones we may instance Plocaria compressa and Chou dr us crispus, or 
Carrigeen Moss; Rhodomenia palmata y or Dulse; Iridcca edulis ; and tho Laurencin 
pinnatiftda, or Pepper Dulse. The Plocaria tenax yields glue and varnish, used by the 
Chinese in the manufacture of their lanthoms ^ the Chondrus crisjhis yields size ; and 
the Rytiphlcca tinctoria produces a valuable dye. This is a very valuable class of 
plants. • 

The Charas are submersed plants of a green colour, with regularly-branched brittle 
stems and whorls of small branches or leaves. In some of these, as the Nitclla, tho 
circulation may be seen in its progress up and down the stem by the aid of the 
microscope. 


MUSHROOMS. 

The general term Fungi represents the varied members of this extensive class of 
plants, but very inadequately, since the class comprehends, ^besides the true Mushrooms 
or Fungi^ Moulds, Morels, Mildews, Blights, and Puff-balls. The members, therefore, 
vary from a size so minuto as to be almost or quite invisible to the naked eye, to a mass 
much larger than the human head. They grow, for the most part, upon decaying sub- 
stances, and usually increase in size from within. A few, as the Agaricue fattens, are 
said to possess lactiferous vessels and spiral filaments. Tho major part of them are, 
moreover, very ephemeral in th$ir character. Some of them are edible, as the common 
Mushroom ( Agaricus campestris ),* Helvclla or Morel, and Tuber or Truffle, all of 
which, with some othppSjfare commonly eaten both ^Ln this country and on the Conti- 
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•nent of Evrope. Others, however, are very poisonous ; and it is believed that species 
which are sometimes wholesome become poisonous when grown under other con- 
ditions, or eaten by persons of peculiar sensibilities. Upon the whole, it is at class 
of plants which should be sedulously avoided, although a very considerable number are 
known to be edible in various parts of the world. The dry rot is due to the Polyporus 
destructoB, a &nd other specios the blight of com to the Puccinia graminis ; the rust to 
the Urcdos and Puccini® ; and the mildew to the Mucedos (Fig. 301). They also attack 
cheese, bread, preserves, fruit, a ad almost every article of food, and are then known as 
mould ; and it is a curious fact that tho presence of any perfume prevents their forma- 
tion. \ few 'of them are phosphorescent. The number of genora is so vast that it is 
useless to attempt any very limited sclcctym. 

LICHENS. 

These arc directly opposed to Fungi, inasmuch as they are perennial, and consist of 
a lobe and lcaf-lik** thallus. They constitute the gray, yellow, and brown stains which 
give an air of antiquity to the walls of our churches ; or they are found on broad patches 
of a leprous appearance on the trunks and branches of trees. They are useful to 
man in two modes — first, hy affording dyes as described on page 54, and, secondly, as 
food. The latter quality is found in thO Cetraria Islandica or Iceland Moss, Cenomyce 
rangiferina or Reindeer Moss, Stieta pulmonacea, Alcctoria usneoidos, and various 
species of Gyrophora, which furnishes food to tho Canadian hunters. Many others 
possess medicinal properties of value. It is an extensive family of plants, hut hitherto 
it has not been studied with the care which has been bestowed upon other, but not less 
valuable and interesting, vegetable productions. 

MOSSES. 

This great class is subdivided into several portions, and exhibits a degree of organ- 
ization considerably beyond those to which we have hitherto referred. Amongst the 
subdivision we may instance the Scale Mosses (Jungernianmso), Split Mosses (An- 
droeacca), Urn Mosses (Bryace®), Cluti Mosses (Lycopodiacea), Crystal Worts (Ric- 
ciaoe®), Liver Worts (Marchantiaec®), and Horse-tails (Equisctacea). .In some 
instances, as in the Sphagnum and Polytrichum, the male organs may be seen in con- 
stant motion in the early spring months, and appear like two thread-like bodies, with 
one extremity thin and attached, and the other enlarged and free, inclosed within a 
distinct cell-wall. Tho same kind of motion is also found in other 'members of the class, 
and is due in some degree to hygromctric influence, as has before been described in 
reference to the Urn Mosses. 

The Cryvtalwort s arc amongst tho most diminutive members of the class, and swim 
or float upon small rollectjpna of shallow water, or attach themselves to tho mud. 
They are but few in number. The Liverwort s are found very abundantly in damp 
unfrequented places, on the uncovered ground, inclosed by the walls of ruimjd. castles. 
They consist of a broad frond, which lies upon the soil, and emits roots from its under 
surface, possessing antheridip and pellate receptacles. They differ from Crystalworts 
in having elatcrB and involucrate spore-cascs. 

The Scale Mosses ( Jungermamna , Figs. 294 and 295), possess a far higher degree of 
organization, having well and symmetrically expanded: leaves, and, in many, a long 
stalk supporting the simple fruit. ( They abound in ftopica? regions. 

The Horse-tails (Equisetum) possess ft fistular articulated* ‘^tem, surrounded by 
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a layer of hard woody tubes. There are no leaves; but the external articulated, 
organs much resemble them. The fruit is borne on the top of the stem, and consists 
of a plumber of masses sessile upon the common rachis. They are widely distributed, 
and have the peculiarity of containing a large quantity of silex or flint in their cuticle ; 
so much so, that the Equisctum hyemale and other genera are used iji the polishing of 
metals and furniture. 

The Urn Mosses are small, terrestrial, or aquatic plants, with an axis of growth 
and minute imbrocatcd leaves, and differ from all otfier Mosses in the structure of 
their two kinds of reproductive organs. They arc an interesting extensive division 
of the family of Mosses, and are more commonly found \n temperato thh,n in tropical 
climes. Wherever there is moisture, even if soil be almost absent, they will grow, 
and they are the first to cover a barren const, as they are the last to linger when the 
atmosphere ceases to be capable of affording nourishment to vegetation. The Sphagnum, 
Polytrichium, and almost all plants vulgarly known as Mosses, belong to this division. 


The highest division of the Cryptogams is that known as Ferns (Filices), a division 
which, in the degree of its organization, far exceeds that of any yet mentioned. 
They consist of 44 leafy plants producing a rhizome, whicl? creeps below or upon the 
surface of the earth, or rises into the air like the trunk of a tree.” When a stem 
exists it is usually simple, and of even diameter throughout, and bears a tuft of leaves 
on its apex, after the fashion of Palms and other endogenous plants, and is composed of 
cellular, woody, and seal ari form tissues. The reproductive organs are % Bpore cases, 
arising from the veins on tho under surface, or other part of the leaves ; or they are 
situate beneath the cuticle, which they thus throw up in the form of an wdusium. 

This class is divided into three portions— the Ophioglossus or Adder* s-tougues, the 
Polypodiaccfe or true Ferns, and the Danfeacoae or Danceaunts ; and of these the middle 
one, or that of true Ferns, contains nearly the whole of the members of the class. We 
regret that our space docs not permit us to enter into detail into th\s beautiful, varied, 
and very interesting tribe of plants ; and tho more so, that at the present moment tho 
Ferns and the Orchis have attained to an enviable popularity. 

The Adder 1 s- tongues aro minute plants, closely allied to the Club Mosses ( Tycopo - 
diacea:)y with a hollow pithless stem, containing woody fibre, and possessing leaves with 
netted veins. 

Its reproductive organs consist of spores contained within spore-cases, which are 
arranged on a spike on the sides of a contracted lcafi The Danasaceoa, on the other 
hand, arc true dorsiferous Ferns, with reproductive organs sunk within or seated upon 
tho back of the leaflets. There is also, as in the Adder* s-tongue, an absence of the 
elastic ring, which is indicative of true Ferns. Both of these divisions of Fema axe 
very small, containing together only nine genera. 

The tyue Ferns or Polypodiaceso (vaguely designated Filices) are distinguished by 
the presence, on tho sporc-casc, of a ring or band of coarse meshes distinctly different 
from the tissue of their sides, and too strong to be broken through, when tho case opens 
to discharge its spores. A few genera are considered edible, as, for example, the Pteris 
esculcnta, Cyathsea medullaris, Diplazium esculentum, and Gleichenia Hennanni. The 
Java Fern is also nutritive, whilst the Aspidiura fragrans has been employed as a 
substitute fbr tea, and thejjteris rtquilina and Aspidium Filix-mas have been used in 
tho manufacture ofbpe#S*xhe genera are very variously distributed over the face of the 
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t eortn, an(J in different localities bear very various relations to the total genera of plants ; 
but it is certain that the most elegant, as well as the most lofty specimens, are not in- 
digenous to our islands. Amongst the English genera ve find the Polypodium, Tood- 
sia, Aspidium or Shield Fern, Cystca or Bladder Fern, Asplenium or Spleen Wort, 
Scolopendrium ov Hart’s Tongue, Blechnum or Hard Fern, Pteris or Brake, A diant um 

or Maidenhead, Trichomancs, Hymenophyllum, and Osmunda or Flowering Fern. 

* • — . 

Before quitting the Linn&oan arrangement, it may bo advantageous to our readers if 
we give a few simple directions as to the proper mode of examining a plant under -this 
system. 

Thcf first aim of the botanist will be to determine the class and order in which 
the plant under examination is arranged. He will, therefore, at once direct his atten- 
tion to the flower (if the plant do not belong to the last order, or that of Cryptogamia), 
and see if both stamens and pistils are present together. If ho find such to bo the case, 
the plant is bisexqpl ; but since, in tho twenty-third class, or that of Polygamia, both 
unisexual and bisexual flowers exist on the same plant, he will glance, at other flowers 
on the same stem, and ascertain if such he the case on the plant in question. If all the 
flowers are bisexual, he will then attend to the number, length, and position of the 
stamens, which, in a majority of instances, will at once direct him to the class sought 
for. Thus, if there be two long and two short stamens in all tho flowers, the plant is 
Didynamous ; and if there be four long and two short stamens universally, he will 
refer it to Totradynamia. He must nett, however, expect that in any plant all the stamens 
shall be of precisely equal length ; but although such be tho case, this will constitute 
no important source of fallacy, since half-a-dozcn examinations of tho stamens of a 
Didynamous and a Tetradynamous plant would enable him to perceive that the diversity 
in length is not an accidental circumstance, but one which, from its constancy and 
relative proportions, is very characteristic. Let him select the common Mint or Fox- 
glove, as an example of Didynamia, and the Mustard or Water-cress as an illustration 
of Tetradynamia. c 

This point having been passed, and having found that all the stamens are of nearly 
equal length, he will next ascertain if they arc separate from each other down to their 
point of insertion. We will first suppose that their foot-stalks or filaments are connected 
together through a distance more or less great, but yet so restricted that the anthers 
are free ; the plant will belong to one of the three classes — Monodelphia, Diadelphia, 
or Polydelphia. He will next Beck to determine if they form one sot, or two or more 
sets. To this end, he should take away the corolla, and any other parts which may 
interfere with a due inspection of the base of the stamens ; and then with the fingers 
tiy if any pprt of the mass of stamens will come away naturally, as it were, from other 
parts. Thus the Hypericum, or St. John's- wort, possesses a large number of stamens, 
which, on being gently pulled asunder at their bases, arc readily detached in three or 
four masses ; the stamens in each mass being still adherent, and each mass atypehed to 
its neighbour simihy by the cohesion of apposition. Such a plant, then, belongs to the 
order Polydelphia. Again, t^ho Pea, Bean, or Vetch presents the stamens arranged ' 
precisely as exhibited in Figs. 221 and 351, except that the single stamen is not 
so much detached from the mass as represented in these drawings ; and by examining 
the concavity of tho mass of stamens with the finger-nail, or any pointed instrument, 
the odd stamen will be discovered lying close to the ‘mass, hut not connected with i t. 
This indicates the doss Diadelphia. This class of plants has' almost universally the 



PRACTICAL APPLICATION OF THE LINN A£ AN SYSTEM. 177 


papilionaceous form of corolla, which, on being appreciated, will, in the great majority 
of instances, alone suffice to indicate the class. Lastly, when the stamens are united 
together by their filaments, as above indicated, but cannot be divided into distinct 
bodies, as in the Geranium and Mallow, the plant is Monodelphous. 

There may, perhaps, bo some little difficulty to the young botanist in determining 
whether plants belonging to the Monodelphian and Polydelphian classes ^ave really 
their filaments so united ; but a very little attention and practice will show that the 
filaments are not separate on both sides down to their base, and, moreover, the 
characteristic appearance of the stamens as a whole wilj soon he appreciated by the 
student. 

If the filaments be free, but the stgmons united together, the plant will belong to 
the or^er % Syngenesia ; but as all this great class of plants have aggregated florets placed 
as a capitulum (Figs. 354, 355), their appearance is so characteristic, that, after a very 
short space of time, the student will net need to examine the stamens to determine the 
classification of the plant. 

The only other exceptional class is that of Gynandria ; and it is not one which can 
be very intelligibly described upon paper. It is composed of the Orchis tribe of plants, 
and those closely associated with it ; and if the student*will regard attentively the 
combined stamens and pistils, and the toute ensemble of the flower of any Orchis, as of 
those growing in our moist meadows, or those now universally found in hot-houses, he 
will speedily learn how to distinguish this class in an instant, without, however, being 
so readily able to explain it to another. 

Wc have considered the foregoing exceptional cases first, not because they are the 
most numerous in tho great assemblage of plants, but because they have readily 
recognised characteristic peculiarities, and because, having excluded them from con- 
sideration, the student may give undivided attention to the greater number which yet 
remain. If the stamens are free from each other throughout, and arc nearly of equal 
size (differing somewhat according to the progressive development of the season), and 
are not more than ten in number, the plant may be at once referred to its proper class, 
as Monandria, &c. ; but if the number should be indefinite — say fifteen, any larger 
numbex —the plant may be either Icosandrous or Polyandrous. To determine to which 
of tho two classes it is to be referred, simply tear away the corolla and calyx piece by 
piece ; and if the stamens come away with the pieces — as would be the case in the 
Rose, Hawthorn, and Apple — the plant is Icosandrous. This indicates that the stamens 
arc Epigynous ; whilst the Hypogynous mode of insertion is characteristic of the class 
Folyandria. The Rose may illustrato Icosandria, and tho Crow-foot (Ranunculus) 
Polyandria. 

The small class of Dodecandria is not so easily recognised 
number is considerable, but somewhat indefinite. 

The foregoing directions will suffice as a guide to the student, except in the com- 
paratively few instances in which the number of stamens has been ufiduly increased or 
diminished. The increase is less common than the decrease ; and is chiefly restricted 
to the classes Triandria and Fentandria, or all the classes below Pentandria, and is 
usually to the extent of a duplicate of the original number. Thus a Triandrous plant 
occasionally has six stamens, anjl a Pentandrous one has ten Btamens. This little diffi- 
culty is overcome by exammjAg other flowers on the same plant, or on a similar plant 
growing near to it, v^h^'ISie normal number of stamens will be found on a majority of 
them. 
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Whenrthere is a decrease in the number of stamens, it is usually accompanied by a 
corresponding and equal increase in tho number of the petals, and is for the most pari* 
restricted to the two classes Icosandria and Polyandria. If in cither of these cases the 
petals are more than five in number, it may bo inferred that the innermost rows have 
been produced at the expense of the outermost towb of stamens. This, however, 
constitutes no sort of difficulty, since a sufficiently large number of stamens remain to 
enable the student to determine the class, except in tho case of cultivated plants, when 
the whole of the stamens may Lave been converted into petals, as in tho perfect Rose 
(Pig. 207). We therefore advise the beginner to avoid all garden flowers, and examine 
only three which are met with in their wild and uncultivated state. 

The classes Monoecia and Dioeica are not so readily discovered by a reference to the 
stamens of tho flower, since for the most part the flowers are small, and without gay 
colours, and the stamens are indistinct. He will first strive to ascertain if the flower 
under examination has stamens or pistils (sincc.it is unisexual), and will find that the 
pistils occupy a central position, and have an expanded base or ovary, whilst the stamens 
are usually arranged in a circle, leaving a central vacuity, and are surmounted by a 
swollen part or anther. This is not at all times an easy diagnosis in practice ; but it 
will aid tho student to rentomber that, for the most part, the members of these classes 
are largo wooded trees. There are many exceptions to this rule, as in the cases of tho 
Stinging Nettle and the Sedges ; but the exceptions are perhaps less difficult of 
diagnosis than the members which may constitute the rule. 

Having tnus discovered the Class to which the plant belongs, he will next sock the 
Order ; and to this end will chiefly regard the pistils. This will apply perfectly to all 
plants having the stamens separate from each other, and of equal size ; and in such 
cases it suffices to count the number of pistils only. Tho orders of the first fourteen 
classes are determinablo in this way ; but beyond these, the pistil is not regarded in 
determining the class. If, therefore, the plant belong to the class Polyandria, or any 
other preceding class, simply count the number of pistils in order to find the order ; 
but if it be Didynamous, or Tctradynamous, the student must notice the character of 
the secd-voceofcl or pod. Thus, when a Didynamous plant has an evident more or less 
sonical ovarium, as in the Digitalis and Scrophularia, the order is Angiospermia ; but 
if, after tearing away the corolla, he look deeply to the bottom of the calyx, and find a 
flattened ovarium with one or two transverse lines on its surface, indicating a division 
of the ovarium into two or four parts, as in the Mint, the plant -belongs to tho order 
Gymnospcrmia. The diagnosis of the two orders in Tetradynamia is somewhat more 
arbitrary ; for it depends simply upon the size of the pod. A long pod, as of tho Pea, 
indicates th«! order Siliquosa ; and a short, and for the most part a comparatively broad 
one, marks the order Siliculosa . 

The orders found in the classes Monodclphia, Diadelphia, and Polydelphia, and also 
Gynandria, Monoecia, and Dioecia, arc determined by counting the number of tho 
stamens ; whilst those of Polygamia are simply Monoacia or Dioecia. The numerous 
class Syngencsia is divided into orders without exclusive reference to its stamens 
or pistils, but simply by the arrangement of the florets upon the capitulum. Thus, in 
the order Polygamia JEqualis, all the florets are equal, and all possess both stamens and 
pistils ; whilst the term Supcrfiua indicates that the florets are divided into those of the 
ray and of the disk, and that the former have pistihroiily^^ In the third order, or that 
of Frustranea, the florets of the ray are destitute of both Btamfea^and pistils. 

Thus we have not been able to give such directions as Bhall enable the student to 



PRACTICAL APPLICATION OP TOE LINN-ffiAN SYSTEM. 


179 


determine the order of a plant without having first discovered the class ip which 4 
ought to be placed ; for such was not the intention of Linnaeus when he founded his 
arrangement. He will, therefore, first find the class and then the order ; but, in the 
great majority of instances, both will be perceived by the same glance. 

But both the class and the order are alike dependent upon the presence of a flower ; 
and therefore it will be in vain for the inexperienced student to attempt tp discover 
them, except at the proper season of the year, when the plant is in flower, and whilst 
the flower remains perfect. 

These two preliminary circumstances are usually got over ^thout any difficulty ; 
but the next stages in the investigation require a far witfer range of observation. It 
is n ow necessary to examine, more or less minutely, every part of the plant. Thus 
its height, and the size and form of its stem and root, must be noticed, distinguishing 
between herbaceous or annual plants and woody, or those which are more or less perennial. 

If the plant be herbaceous, it is neccs%iry to ascertain if the stem be hollow, and if it 
have any flutings or other markings upon its external surface ; a«id in all cases it is 
requisite to glance hastily at the general arrangement of the leaves upon the stem or 
plant. In reference to the root of herbaceous plants, it may further be observed that 
its form must be noticed — that is, as to whether it is tuberous or fibrous, or prauuorse, 
or any other of the forms previously indicated * 

The leaves and the parts constituting the flower are, however, those parts from 
which the distinguishing features of plants arc usually drawn. 

The form of the leaf is a prime consideration ; and the student must •notice if it is 
round, oval, pointed, or otherwise, and if equally so on each side of the midrib, and 
also whether its edge is entire or divided in various ways. The size, thickness, and 
colour should be regarded, and also the character of its surface, as to whether it is 
smooth or rough, and if the hairs are distributed evenly over the two surfaces, or only 
over one or over a part of one ; and also the precise characters of the hairs, as to whether 
they are like bristles or down, or otherwise. Lastly, its venation demands attention 
in order to show if the plant bo an exogen, as indicated by the reticulated venation, or 
an endogen, as shown by its parallel veins. The petiole, in like TiianncLjnust be ex- 
amined, *and afterwards the inquiry made if the leaf is caducous or permanent, and 
if it altogether falls oif the stem or withers upon it, as is the case in the xnduviate con- 
dition referred to in its proper place. The points in which leaves differ from from each 
other arc wonderfully numerous, probably extending to some hundreds ; and all of these 
are made use of in describing the characters of plants. Most of them are happily 
recognisable by the very apt terms with whifch this science, above all others, has been 
supplied ; so that any inexperienced student, with a descriptive manual in his hand, 
would scarcely fail to understand the terms which arc employed to enable him to refer j 
any plant to its proper place. 

The flower is, as we have already shown, a compound organ, and offers a great many 
objects t8 the student’s attention. First, regard the general arrangement of the flowers 
upon the plant, and inquire if they are placed in the axils of leaves (axillary) or other- 
wise, and if they terminate a branch rendering it determinate . Then somewhat restrict 
the range of observation, and notice that arrangement of the flowers upon the stem 
which constitutes the inflorescence, and afterwards proceed to consider an individual 
flower, regarding the envelqufifciiwm without inwards. The calyx and corolla may both 
be monoscpalous or pojj* jSpalous. If they are mono&palous, the form must be noticed as 
to whether i^U iuuitc or bell-shaped, or otherwise, tod its free border inspected, to ascer- 
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tain if it is* entire or variously divided ; and if divided, the figure, number, and depth 
of its divisions will require attention. When a tube exists, as is common in mono- 
petalous corollas, its length, width, and general proportions must be observed,* and 
also any hairs or other organs which may defend the entrance into it. When theso 
envelopes arc polypctalous, the same degree of attention must be given to each sepal 
and petal* as above directed with regard to the leaves, except that these organs are 
usually of more delicate organization than leaves. But whether they consist of one or 
of many pieces, it will be equally necessary to notice their texture, colour, and relative 
length (that ig, whctl&r the forolla is longer or shorter than the calyx), and whether 
cither oirboth arc caducous or permanent ; and, if caducous, to ascertain whether it falls 
early, and in one or in many pieces. Should there be any appendages to theso parts— 
as the corona of tho Narcissus, or the nectarium of the Ranunculus — they must be 
carefully noticed and examined. It will further be proper to notice the relations which 
these parts are said to bear to the ovary, — that ib, as to whether they are superior or 
inferior ; and also their relation with the stamens, as to whether those latter organs are 
attached to them or not. 

In theso directions wo have already referred, to some extent, to the stamens and 
pistils ; but further detail is^'now necessary. Thus, in reference to both, the presence or 
absence of the foot-stalk (filament and style) must be determined ; and if it be present, 
its length, figure, and colour should be observed. In but few instances is it coloured ; 
but in many the figure is not uniformly cylindrical, but tapering upwards, or awl- 
shaped ; and m some instances it assumes a foliaceous character. 

The anther demands minute attention, in order to show the mode of its attachment 
to the filament, its figure, and tho number of the cells into which it is divided. The 
pollen seldom calls for examination under the Linnaean system of classification ; but if 
the examination be made at a period when the pollen is ripe, and lying loose upon tho 
anther and other parts of the flower, there can be no difficulty in ascertaining its colour, 
size, and general configuration. Its minute anatomy is a subject of great difficulty, 
and one into the consideration of whichftt is not needful that the inexperienced student 
should cntei/ , 

The style offers perhaps fewer points for observation than the anther, since its 
structure is more simple. It will be proper first to notice its divisions, and the mode 
in which those divisions, if any, are arranged ; and then to observe carefully its general 
configuration, and the precise nature of the exposed free surface upon which the pollen 
is destined to fall. Its internal anatomy, or that of its conducting tissue, is not of 
importance to this part of our subject. The ovary must be minutely examined; and in 
order to do that it will be needful to cut it through transversely, and then ascertain tho 
number of the eells n£ which it is composed, and that of the seeds lying within each 
cell. It is not uncommon to find fewer seeds than cells, owing to abortion, and that 
also must be ascertained. The external configuration of that organ will, of course, call 
for attention, and also any bodies which are sometimes met with, as the disk at or near 
to its base. < 

The seed is to be observed chiefly on account of its external configuration, and its 
number in relation to the cells in which it lies. The Linnaaan arrangement calls but 
little for any account of its internal anatomy ; and, with tho exception of the number 
and general nature of its Cotyledons, and some slighf to the albumen, it will 

not be necessary for the student to regard it. The fruit must^te* noticed in a general 
manner — that is, as to whether it is succulent or otherwise ; and the names which have 
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been referred to when considering that organ, as well as those of more popular employ* 
ment, committed to memory. 

All the foregoing particulars arc not necessary to enable the student to determine 
the genus of any plant, since the characteristic of a genus is, that it possesses only 
certain (perhaps but few) features which are common to a number of other most 
closely allied plants, which are thence termed species . But if any number. of plants, 
say ten, agree in certain features, so that they may be associat d under one head, each 
of these will differ from the others in features of greater minuteness ; and, consequently, 
a more minute acquaintance with all the parts of a plant is more accessary to determine 
the species than the genus. 

In order practically to apply these directions, we will give one or two familiar 
examples^ by way of illustration. Let us first examine the Myosotis, or Forget-me-not. 
This plant will be found to have five stamens and one pistil, and consequently is at 
once referable to the class Fentandria* and order Monogynia. Having referred to any 
synopsis of the Linnaean arrangement, the student will find no few A' than forty genera 
described under Pontandria Monogynia, and therefore will need further character- 
istics, in order to prevent the necessity of comparing this plant with the descriptions of 
all those genera. This is effecto-A by noticing that a certain number of these genera 
have an inferior raonopctalous corolla, and two or four naked seeds ; and on referring 
to the Myosotis he will find that such is the case with that plant also. This, then, 
Limits his investigation to ten genera, and it will be his duty to read the description of 
each, beginning with the first, until he finus that one with which the plant in question 
corresponds. The following are the characters of the genus Myosotis : — 

“ Calyx inferior, of one leaf, deeply five cleft ; segments acute, equal. Corolla of 
one petal, salver-shaped; mouth half closed, with five small valves. Filaments very 
short ; anthers small, oblong. Ovary, four. Style, thread-shaped, central, as long as 
the tube ; stigma obtuse. Seeds egg-shaped, pointed, smooth/' 

This description having boon found to correspond with the plant under examination, 
the next step will be to determine the precise species. The student will now find that 
there are seven species described under that genus, and it will be his dutyrf^ compare his 
plant wfth the first, and all others, until he finds the one with which it corresponds. 
This will probably be far less tedious than it at first sight appears, since, immediately 
he discovers in the description of any of the species any feature which differs clearly 
from the specimen in his hand, he will not continue the comparison, but at once pro- 
ceed to the description of the next species. In this way it is possible to examine a 
dozen species in three or four minutes. Having, however, noticed that the description 
of the genus and species Myosotis palustris corresponds with his plant, # hc has then 
discovered that which he had been seeking for — m., the class, order, genus, and species. 
The characters of the species are thus described : — 

“ Calyx funnel-shaped, with short broad segments ; leaves oblong, roughish, with 
dose-pressed bristles, root creeping. Boots very long, creeping ;• stem from six to 
twelve inches high ; clusters many-flowered ; two or \ three together ; limb of the 
corolla sky blue, the valves of the mouth yellow. Perennial; flowers in Juno and 
July; grows in marshy places and ditches : common/’ 

The student will thus be abjc readily to appreciate the different degrees of minuteness 
needful to the determinating genus and a species ; ho will observe that the diffi- 
culty of determining ^ Vlie genus and species is usuSUy in proportion to the number of 
genera foimdin tie same class and order, and of species under the same genus. 
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•’ We wiil now take a more difficult illustration — viz., that of the Stinging Nettie 
(Ur tied). We first notice that the fiower is deficient in stamens or pistils, and thence 
that it is not bisexual. We then examine other flowers, and ascertain that this it not 
a mere coincidence, hut is universal ; and, further, that all the flowers arc unisexual, 
and that on the stfmc tree there are flowers only male, and others only female. Thus 
wg refer the plant to the class Monceeia. We now select a male flower — that is, one 
having stamens only ; and finding that there are four stamens, we refer the plant to the 
order Tetrandria. In this ordef there arc but five genera, and of these one is a tree— 
the Alder — an/J another is th* common Box (Fuxus), with both of which the student 
will be ♦familiar, and know at once £hat they cannot refer to the plant in question. 
Moreover, two others, littorella and Eriocaulon , are found, by the description of their 
solitary genus, to grow in lakes and marshy places ; and as his plant grew' on a- bank, or 
on some waste dry land, he may oj%dude them, and thus find that he is referred to the 
only remaining genus, that of Urtica. This caiVlcss mode of exclusion will not, how* 
ever, suffice beyond the point of directing immediate attention to the remaining genus, 
and therefore he will at once proceed to compare the description of the Urtica with the 
characters of the plant in his hand. The following description will suffice to indicate 
the genus Urtica : — * * 

41 Jlarren (or male) fiower . Calyx of four roundish, concave, equal leaves. Petals 
none. Nectary central, cup-shaped. Filaments four, awl-shaped, spreading, as long 
as the calyx; anthers roundish, two-lobcd. — Fertile (or female) flower . Calyx inferior, 
of two roundish equal leaves. Corolla none. Ovary egg-shaped. Stylo none. Stigma 
downy. Seed one, naked, egg-shaped, somewhat compressed, polished, embraced by 
the permanent calyx.” 

The term nectary is here used in the indefinite sense in w r hich Linnocns employed 
it, when he assembled very various structures, situate at or about the base of the ovary, 
under tliat appellation, and in the sense in which it is still used by systematic works 
on classification. It is not the true nectary found upon the short claw of the petal of 
the Ranunculus, since the Urtica lias n<? petals. 

The determination of the species is not difficult, since there are but three species of 
Urtica, all of which have venomous stinging or secreting hairs, and opposite leaves, 
and the distinguishing features are referred to only two or three points. Thus we 
will suppose that the plant under examination is the small Nettle, or Urtica ttrem , and 
that the following description will indicate its characters : — 

“Leaves opposite, broadly elliptical, with about five longitudinal ribs; clusters 
simple. From one to two feet high; bright green, with venomous stings. Annual; 
flowers from# June to October ; grows on cultivated ground and waste places.” 

Having given the^p two illustrations, we think that the attentive student will find 
no difficulty in proceeding with the examination and classification of plants ; but we 
think it needful to append one caution. Bo not be discouraged if you have difficulty 
in referring an unknown plant to its proper place amongst tho genera and species ; hut 
having given due attention axd failed, lay tho plant aside, or invite the assistance of 
some one who may have made further progress in tho science. There is no royal road 
to learning, and the first steps will ever be toilsome and difficult ; hut, as the student 
proceeds, he will find that the difficulties gradually and insensibly recede, until, in a 
short time, he wonders that he cyer regarded thcm*I<Jl 'tac^oment. Bo not at first 
fatigue the mind, and discourage the spirits ; hut be assured th&foro ^ ljk p, others, will 
overcome them. 

s 
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The Natural System of Plants differs from the artificial system now detailed ; (or 
it takes into account the whole organization of the plant, with its habits and properties, 
and is not restricted to one or two particular features. ^The contrast of the two plans of 
classification is thus concisely stated by the author of the ( fcVcgetafcle Kingdom — “ The 
natural system of Botany being founded on the^c principles, that all points of resem- 
blance, between the various parts, properties, and qualities of plants, shal^be taken into 
consideration ; that thence an arrangement shall be deduced in which plants must be 
placed next each other, which have the greatest degree of similarity in those respects ; 
and that, consequently, the quality ol*an imperfectly-known plant may be judged of 
by that of another which is well known. It must be obvious tiat such a method 
possesses great superiority over artificial systems, like that of Linnaeus’, in which there 
is no combination of ideas, but which are mere collections of isolated facts, havixur no 
distinct relation to each other. The advantages of the Natural system, in applying 
botany to useful purposes, are immense, especially to medical men, who depend so much 
upon the vegetable kingdom for their remedial agents. A knowledge of the properties 
of one plant enables the practitioner to judge scientifically of the qualities of other 
plants naturally allied to it ; and therefore the physician, acquainted with the natural 
system of botany, may direct his inquiries when on foreign stations, not empirically, 
but upon fixed principles, into the qualities of the medicinal plants which have been 
provided in every region for the alleviation of the maladies peculiar to it. lie is thus 
enabled to read the hidden characters with which nature has labelled all the hosts of 
species that spring from her teeming bosom.” — We do not need therefore to hesitate 
when we confidently recommend this plan of classification in preference to the simple 
one already given. • 

As t^e component parts of a plant aro very various, and their rclativ«f importance is 
somewhat a matter of opinion, and, moreover, as plants resemble and differ from each 
other in so many and minute particulars,— it is no matter for wonder that various natural 
systems have been devised. Indeed it is not possible for any ten of the most learned men 
existing to prepare each an original scheme, independent of each other, without pro- 
ducing ten systems instead of one system of classification. There have been already about 
thirty distinct systems (many of which, however, were simply modifications of one or 
more preceding) ; and it is probable that the best one, at the present moment^ is so imper- 
fect that it must be amended yearly. The great Linneeu^ himsqjf gave the outline of a 
natural system, in which ho arranged all the then known plants under sixty-eight 
hcadg ; Taut he attached little importance to it. Since his day several others have 
appeared, which were original, and which have had great influence in the world. The 
first is that of Adrien dc Jussieu, who, in 1789, published an admirable system on the 
outlines given by our great countryman Ray, in 1703 ; and to this day De Jussieu’s 
system is held in high estimation. The next great writer on classification was A. P, 
de Candolle, and he compiled one hundred and sixty-ono natural orders out of the 
three great divisions of nl^^isj-^icotyledons, Monqpotyledozus, and Acotyledons, before 
described. * Vo systems have been the foundation of all those of more modem 
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(late, including those of Eudlicher, who was De Jussieu’s great successor, Brogniart, 
and Liudley. 

The difficulty, at the present day, is to make a good selection, and more particularly 
in a work of this nature, which is to be the handbook of botany to so many thousands 
of readers — -both scientific and non-scientifie. Our aim must bo to obtain that which, 
with simplicity, will give the most recent and the most valuable information. On 
careful consideration we arc of opinion that we shall bo doing an injustice to our 
readers, if we fail to make then acquainted with the last one above-mentioned — the 
system of a distinguished countryman, which, as it is based upon most extensive and 
usually accurate information, is deservedly supplanting others in the botanical teaching 
of tho British schools. 

THE NATURAL SYSTEM, ACCORDING TO DR. LINDLEY. 

t. 

Before commending an examination of this system wo must beg our readers to hear 
in mind that a close attention is necessary to the minute parts of the plant, and inoro 
particularly of the seed; since, of all organs, that is one possessed of the greatest degree 
of constancy. We must aLo give some degree of encouragement to the student by 
stating, that although this system is not so simple as that previously described, it is 
yet less difficult than it appears to he. Its difficulty lies at the threshold ; and to 
overcome it the student will have the gratification of gaining much interesting 
information. •• 

AVe cannot enter at length into the subject, but shall give an outline of the whole 
scheme, and such illustration as may be interesting and useful to the reader, and 
necessary to a comprehension of so extensive a subject. Tho following is a conden- 
sation of Professor Lindley’s scheme (“ Vegetable Kingdom,” p. lv., ct seq .) 

CLASSES. 

A&cxualy or Flotverlesa Plants . 

Stems and leaves undistinguishable I. thallogens. 

“A Thallus Is a fusion of root, stem, and leaves, into one general mass, and Thallogens are 
also destitute of flowers; they are ecpiully without the breathing pores, so abundantly 
formed in the Bkin of more complex species; and they multiply by the spontaneous forma- 
tion in their interior, or upon their surface, of reproductive spheroids, called spores.” 

* 

Stems and leaves distinguishable acrogens. 

u Beyond Thallogens are found multitudes of species, which, like Thallogens, are not fur- 
nished by nature with flowers, but which otherwise approach closely to the higher forms 
of structure, occasionally acquiring the stature of lofty trees. They have breathing pores 
in their skin; their leases and stems are distinctly separated; in some of them those 
spiral threads, which form so striking a portion of the internal anatomy of a more perfect 
species, exist in considerable abundance ; and finally, they multiply by reproductive sphe- 
roids or spores, cither formed without the agency of ^exes, or, if the contrary, shall be 
proved at all events not possessing bodies constructed J ifr e stamens on the one hand, and 
embryos on the other. Their stem, however, does not lncrSta* in diameter 5 it only grows 
at the end, and henoe it has givep to suoh plants the name of AOTjpsttfc'l. «*'•’ 
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Sexual , or Flowering Plante* 

Fructification springing from a tliallus IN- RHizoo 

4t Foremost among: the more perfect races comes a most anomalous collection of species called 
Rhizogens. These plants, leafless and parasitical, have the loose ceflhlar organization of 
Fungi ; a spiral structure is usually to be found among their tissues only in treses. Some 
of them spring visibly from a shapeless cellular mass, which stands in place of stem and 
root, and seems to be altogether analogous to the Thal^us of the Fungi; and it is probable 
that they all partake in this singular mode of growth. Their flowers are like those of 
more perfect plants ; their sexual apparatus is complete, hut their embryo, which is not 
furnished with any visible radicle or cotyledons^ appears to be a spherical or oblong homo, 
gencous mass.” 

Fructificafion springing from a stem. 

Wood of stem youngest in the centre^ cotyledon single. 

Leaves parallel- veined, permanent ; wood of the stem always 

confused IV. endogens. 

“ Endogens consist of species whose germination is endorhizal, whoso embryo has but one 
cotyledon, whose leaves have parallel veins, and whose trugk is formed of bundles of spiral 
and dotted vessels, guarded by woody tubifh, which bundles are arranged in a confused 
manner, and arc reproduced in the centre of the trunk.” 

Leaves net-vcincd, deciduous ; wood of the stem, when peren- 
nial, arranged in a circle with a central pith V. Idictyogens. 

“ Dictyogcns arc Endogens, but with the peculiarity that the root is exactly like Exogens 
without concentric circles, and the leaves fall off the stem by a clean fracture, just as in 
that class.’ * 

Wood of stem youngest at the circumference, always concentric ; 

cotyledons 2 or more. 

Seeds quite naked • VI. gymnogens. 

} “ Gymnogens are a division of Exogens which, in the sexual apparatus, h^ye no style and 

|tigma, but arc so constructed that the pollen falls immediately upon the ovules, a pecu- 
liarity analogous to what occurs among reptiles in the animal kingdom.” 

Seeds inclosed in seed-vessels vii. exogens. 

“ The class of JExogctis is composed of innumerable races, having an exorhizal germination, 
an embryo with two or more cotyledons^ leaves having a net-work of veins, and a trunk 
consisting of woody bundles, composed of dotted and woody tubes, or of woody tubes alone, 
arranged around a central pith, and either in concentric rings or in a homogeneous mass, 
but always having medullary plates forming rays from the centre to the circumference, 
and reproduced on the circumference of the trunk, whenq^ their game of Exogens.” 


Class I. — Thallogkns. — 939 Genera ; 8394 Species. 

ALLIANCES OF THALLOGENS. 

I. Aloalm.— C ellular flowerless plants, nourished through their whole surface by the medium in 
which they vegetate; living in water or very damp places; propagated by zoospores, 
coloured spores, or tetraspo^s ^83 Gen. ; 1994 Sp. 

2 Natural Orders, — 1. Diatomacem, or Brittleworts. V, Confervace®, or Confervas. 3. Fuca- 
cerefor Seawp'as. 4. Ceramiace®, or Kosctangl^p. 5. Char&cerc, or Charads. J 
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r 2. Fungai^s. — Cellular flowerless plants, nourished through their thallus (spawn or mycelium) ; 
living in air; propagated by spores, colourless or brown, and sometimes inclosed in asci; 
destitute of green gonidia. *598 Gen . ; 4000 Sp. 

Natural Orders.— ft. Hymcnomycetes, Agaricace®, or Toadstools. 7. GasteromJ Cetes, 
Lycoperdaee®, or Puffballs. 8. Coniomycetes, Uredinace®, or Blights. 9. Hypho- 
mycetcs, Botrytace®, or Mildews. 10. AscomycoteB, Helvellace®, or Morels. 11. Physo- 
mycetes, Mucoracc®, or Moulds. 

8. LiohknXueb. — C ellular flowerless plants, nourished through their whole surface by the medium 
in which they vegetate; living in air; propagated by spores usually inclosed in asci; and 
always having green gonidia jp their thallus. 58 Gen. ; 2400 Sp. 

Natural Orders.— 12. Graphidace®, or Letter -Lichens. 13. Collemace®, or Jelly-Lichens. 
14. P^rmeliuce®, or Lcgf-Lichcns 


Class II. — Acroqens — 310 Genera ; 4086 Species . 

ALLIANCES OF ACROGENS. 

t 

4. Mubcat.es. — Celluhlr (or vascular). Spore-cases immersed or calyptrate (i.c., either plunged in 

the substance of the frond, or inclosed within a hood having the same relation to the spores 
as an involucre to a seed-vessel). 113 Gen. ; 1822 Sp. 

Natural Orders. — 15. Ricciaco®, or Crystalworts. 16. Marchantiace®, or Liverworts. 
17. Jungermanniace®. or Scalemosscs. 18. Equisctace®, or Horsetails, 19. Andr®ace®, 
or Splitmosscs. 20. llryace®, or Urn mosses. 

5. Ltcopoijales. — V ascular. Spore-cases axillary or radical, one or many-ccllcd. Spores of two 

sorts. 6 Gen. ; 224 Sp. 

Natural Orders. — 21. Lycopodiace®, or Clubmosscs. 22. Marsileace®, or Peppcrworts. 

6. Fiucaleb.— V ascular. Spore-cases marginal or dorsal, onc-cclled, usually surrounded by an 

clastic ring. Spores of but one sort. 192 Gen. ; 2040 Sp. 

Natural Orders. — 23. Ophioglossaoe®, or Adders’ Tongues. 24. Polypodiacero, or Ferns. 
25. Danmace®, or Danteuds. 


Class III. — Rhizogens. — 21 Genera ; 53 Species . 

• alliance the same as the class. 

«. 

Natural Orders. — 26. Balanophorace®, or Cynomonums. 27. Cytinac e®, or Cistusrapes. 
28. Tkafflesiace®, or Rafttesiads. 


Class IY. — Endogens. — 1420 Genera ; 13684 Species. 

ALLIANCES OF ENDOGENS. 

* Flowers glumaceous ( that ts to say, composed of bracts not collected t n true whorls , but consisting of 

imbricated colourless or herbaceous scales), 

% 

7. Glumaleb. 439 Gen. ; 6186 Sp. 

9t C 

Natural Orders.— 29. Graminacc®, or Grasses. 30. Cypcrnce®, or Sedges. 31. Dcs- 
vauxiacc®, or Bristle worts. 32. Restiace®, or Restiads. 33. Eriocaulaoe®, or Pipoworts. 

• • Flowers petaloid*' or furnished with a true calyx or corolla , or with both , or absolutely naked ; 

g $ (that is, having sexes altogether in different flowers , without half-formed rudiments of the 
absent sexes being present)# 

• The following signs are employed in this scheme 
g Signifies a bisexual, or hermaphrodite plant. 

£ An unisexual, or male plant. a 

5 An unisexual, or female plant. 

Flowers having two coverings, as calyx and corolla, are sariftir^a Diclamydeous ; and one cover- 
ing, Monoclamydeous . If they vary so*that some have one and others twqjcoverings, they are called 
Monodiclamydious ♦ 

* 
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8. Araueb.— F lowers naked, or consisting or scales, S or S together or numerous, and ftien sessile * 

on a simple naked spadix ; embryo axile ; albumen mealy or iieahy. (Some have no albumen.; 
fl Gen. ; 278 Sp. 

Natural Orders.— 34. Pistiaccm, or Lemnads or Duckweeds. 35 Typhacc®, or Typhads, 
or Bulrushes. 36. Aracea, or Arads. 37. Pundanaceje* or Screwpines. 

9. Pai.mat.xs. — F lowers perfect (with both calyx and corolla', sessile on a branched scaly spadix^ 

embryo vague, solid ; albumen horny or fleshy. Some Films are 5 • & en * / 400 Sp. 

Natural Orders . — 38. Palmaceco, or Talms. 

10. Htdiiat.ks.— F lowers perfect or imperfect, usually meJ.tr red; Anbryo axile, without albumen— 

aquaties. (Some urc $ .) 26 Gen. ; 48 8p. « * 

Natural Orders. — 39. liydrocharidadeae. or Hydrocharads. 40. Naiadace®, or Naiads, 4C 
" • b\p. Triuridacc®, or Triurids. 41. ZoaLcraccop., c-r Keawracks. 

•#* Flowers furnished with a true calyx und corolla , adherent to the ovary ; £ . 

11. Nahcmsalks.— F lowers symmetrical; stamens 3 or 6 oj more, all perfect; seeds with albumen. 

(Some Bromcliacc® have a free calyx and corolla.) )G3 Gen. ; 1238 Sp. 

Natural Orders. — 12. Bromcliaccm, or Rromeliads. 43. Taccaccro, or Taccuds. 44. II®mo- 
dorace®, or Bloodroots. 45. Hypoxidacc®, 01 U y pox ids. ^10. Amaryllidace®, or Amaryl- 
lids. 47. Iriduce®, or Irids. • 

12. — Amomalks.— : F lowers unsynimetrical ; stamens 1 to 5, some at least of which arc petaloid ; 

seeds with albumen. 39* Gen. ; 427 Sp. 

Natural Orders.— 48. Musac®, or Musads, 49. Zingiberacc®, or Gingerwortt. 50. Maran- 
taco®, or Marants. 

13. — Okciiidai.es. — Flowers unsvmmetricsl ; stamens 1 to 3; seeds without albumen. 404 Gen.; 

3035 Sp. 

Natural Orders. — 51. Burmanniace®, or Burmanniads. 52. Orchiduco®, or Orchids. 53. 
Apostusiacc®, or Apostusiads. 

• • Flowers furnished with a true calyx and corolla, free from the ovary ; 5 . 

• • 

14. XYitiDALES.— Flowers half herbaceous, 2-3-petoloidctous ; albumen copious. 24 Gen. ; 336 Sp. 

Natural Orders.— 54. Philydrace®, or Waterworts. 55. Xyridace®, or Xyrids. 56. Com- 
melynacc®, or Spidcrworts. 57. Mayace®, or Mayacs. 

15. Joncales. — F lowers herbaceous, dry, and permanent, acarious if coloured; albumen copious. 

(Some Callus have no albumen.) 27 Gen. ; 260 Sp. 

Natural Orders. — 85. Juncace®, or Rushes. 59. Orontiacc®, or Orontiads. 

16. Lit.iai.es.— F lowers hcxapetaloideous, succulent, and withering; albumen copious. 171 Gen.; 

1365 Sp. 

Natural Orders. — 60. Gilliesiaccm, or Gilliesiads. 61. Melanthacc®, or Melantlis.^G2. LiliaceaB, 
or Lilyworts. 63. Fontederacc®, or Pontederads. 

17. Alismalks. — F lowers 3-6-pctaloideous, apocarpal ; albumen none. (Some Alismads are abso- 

lutely 9 (JO 14 Gen. ; 101 Sp. 

Natural Orders.— 64. Butomace®, or Butomads. 65. AliBmace®, or Alismads. 66. Junca- 
cinace®, or Arrow-grasses. 


Class V.— Dicttogkns. — 17 Genera; 268 Species. 

Natural Orders.— 68 . IMoscoreaeoie, or Yams. 69. Sfcilaoe», or Sarsaparilla,. 70. PhUe. 
. tool, or PUilesiads. 71. TrilUaoca), or Parid^, 72. Roxburghiacew, or Roxburgh. , 
worts. 
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Class VI. — Gymnogens. — 37 Getiera ; 210 Species. 

Natural Orders . -73. Cycadeacero, or Cycads. 74. Pinaccao, or Conifers. 75. Tuxaceae, 
or Taxacto. 76. Gnetacero, or Joint Firs. 


ClAjs VIL-jt— Exogens. — 6191 Genera ; 66225 Species . 
alltJLnces of exogens. 

Sub-Class I. — Diclinous Exogens. 


Floorers £ Q, without any customary tendency to $ • 

Id. Ahentat.kr. — F lowers in catkins, achlamydeous or monochlamydcous ; carpels superior ; embryo 
small, with little or no albumen. 13 Gen . ; 358 Sp. 

Natural Orders. — 77. Casuarinacem, or Becfwoods. 78. Bctulncero, or Birchworts. 79. 
Altingiaceco, or Lfquidumbars. 80. Salience®, or Willowworts. 81. Myricaccro, or 
Galeworts. 82. Elacagnaceae, or Oleasters. 

19. Urticalrs.— F lowers scattered, monochlamydcous; carpel single, superior ; embryo large, lying 

in a small quantity of albumen. 61 Gen. ; 572 Sp. 

Natutal Orders. — 83. Stilaginace®, or Antidcsmads. 84. Urtieaeete, or Nettle worts. 85. 
Ccrutophyllacero, or Horn worts. 80. Cuimubinacea?, or Hemp worts. 87. Morucero, or 
Murads. * 88. Artocarpacem, or Artocarpada. 8‘J. Platunacea?, or Planes. 

20. Euphorbiai.es.— F lowers scattered, monodichlamydeous ; carpels consolidated, superior ; pla- 

centas axile ; embryo surrounded by abundant albumen. (Albumen occasionally absent). 2U3 
Gen. ; 2527 Sp. 

Natural Orders.— 90. Euphorbiacem, or Spurgeworts. * Gyrostemonero. 91. Scepacene, 
or Scepads. 92. Callitrichacem, or Starworts. 93. Empctraccoe, or Crowberries. ■ Butidem. 
94. ? Ncpemhaceaa, or Nepenths. 

* t 

21. QuERNALts. — Flowers in catkins, monoclilainydeous ; carpels inferior; embryo amygdaloid, 

w ithout albumen. 12 Gen ; 292 Sp. 

Orders.— Q 5. Corylacero, or Mastworts. 96. Juglandaccae, or Juglands. 

22. Garryalkr. — F lowers monoehlamydeous, sometimes amentaceous ; carpels inferior ; embryo 

minute, in a large quantity of albumen. 3 Gen. ; 7 Sp. 

Natural Orders.— ( J7. Garryacece, or Garryads. 98. Helwingiacem, or Qclwingians, 

23. Mp.ntspermai.er.— Flowers monodichlamydeous ; carpels superior, disunited ; embrvo sur- 

rounded by abundant albumen. 39 Gen . ; 281 Sp. 

Natural Orders*— 99. V on imi acorn, or Monimiads. 100. Atherospermacem, or Plume-Nut- 
megs. 101. Myrifiticacem, or Nutmegs. 1 02. Lardizabalaccao, or Lardizabalads. 103. Schi- 
zandracece, or Kadsurads. 104. Menispermuce®, or Menispermuds. 

• 

24. Cucurbitauss.— F lowers monodichlamydeous ; carpels inferior: placentas parietal: embryo 

without albumen. 61 Get+ ; 483 Sp. 

Natural Orders.— 105. Cucurbitace®, or Cucurbits. 106. Datiscace®, or Datiscads. 107. 
Begoni&cero, or Begoniads. 

Papa tales.— Flowers dichlamydeous ; carpels Riiperior^umpolidatod ; placentas parietal : cin . 
bryo surrounded by abundant acumen. 11 Gen . ; 29 TSpT** 

Natural Orders. — 108, Papayaceee, or Papayads. 109. Pangiacc®, or Pangiftds* 
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Sub-Class II. — Qypogtnoub Exogens. 

Flowers # , or g $ Q ; stamens entirely free from the calyx and oprolla. 

26. Viol a. lbs. — F lowers monodichlamydeous ; placentae parietal or sutural : embryo straight, with 
little or no albumen. 98 Gen. ; 1282 Sp. 

Natural Orders . — 110. Flacourtiacc®, or Bixads. IV . Lacistemace®, or Lacistcmads. 
112. Samydace®, or Samyds. 113. Passiflorace®, or Passionworts. 114. Malesherbiace®, 
or Crown worts. 115. Moringace®, or Moringads. llG^ViolaceJS, or Violetworts. 117. 
Frankeniaccao, or Frunkcniads. 118. Tamaricace®, or Tamarisks. 1 19. Sa&vagesiace®, or 
Sauvogcads. 120. Cross ul ace®, or Ilouselecks.* 121. Turnerace®, or Tumerads.'* 

27* Cist a i -iis. — Flowers monodichlamydeous ; placcnt® parietal or sutural: embryo curved or spiral; 
tfitli little or no albumen. 214 Gen.; 2166 Sp. 

Natural Orders.— 122. Cistaceae, or llock Roses. 123. Brasaicace®, or Crucifers. 124. Rese- 
dace®, or Weld worts. 125. Cappatidace®, or Capparids. 

29. Malvat.es. — F lowers monodichlamydeous ; placcnt® axile; calyx valvate in rostivation ; corolla 
imbricated or twisted ; stamens definite or 00 ; embryo with little or no albumen. 160 Gen.; 
1933 Sp. 

Natural Orders.— 126. Stcrculioce®, or Rtcrculiads. 127. Byttneriace®, or Byttneriads. 128. 
Vivianiacero, or Vivianads. 129. Trop®ola*e®, or Indian Crosses. 130. Malvace®, or 
Mallow' worts. 131. Tiliace®, or JLindenblooms. 

29. Sa pin dales. Flowers monodichlamydeous, unsymmetrical; placent® axile ; calyx and corolla 

imbricated.; stamens definite ; embryo with little or no albumen. (SlamenB rarely 00.1 132 
Gen. ; 1656 Sp. * 1 

Natural Orders.— 132. Trcmcndrace®, or Poreworts. 138. Polygalaee®, or Milkworts. 134. 
Vochyacem, or Voehyads. 135. Staphyleace®, or Bladder Nuts. 136. Sapindaec®, or Soap- 
worts. 137. Petiveriace®, or Petiveriads. 138. Accrace®, or Maples. 139. Malpig- 
hiace®, or Malpighiads. 140. Erythroxylace®, or Krythroxyls. 

30. Guttifkkaleb.— F lowers monodichlamydeous; p*acent® axile; calyx imbricated ; corolla imbri- 

cated or twisted ; stamens 00 ; embryo with little or no albumen. (Stamens sometimes 
definite in number.) 93 Gen. ; 642 Sp. 

Natural Orders. — 141. Dipterace®, or Dipterads. 142. Temstrcimiase®, or Thcads. 143. 
Rhizobolacpm, or Hhizobols. 144. Clusiacemf or Guttifers. 145. Marcgraviaco®, orMarc- 
graviads. 146. H ypericaoe®, or Tutsans. 147. Reaumuriac®, or Keaumueiads. , 

» 

31. NvMnrALES. — Flower a dichlamydeous ; placent® axile or sutural ; stamens 00 ; embryo on the I 

outside of a very large quantity of mealy albumen. (A part have no albumen.) 8 Gen. ; 56 Sp. ! 

Natural Orders.— 148. Nymphmacc®, or Water-lilies. 149. Cabombacero. or Water-shields. ! 
150. Nelumbiooc®, or Watcrbeans. | 

! 

32. Ran ales.— -Flowers^ monodichlamydeous ; placcnt® sutural or axile ; stamens 00 ; embryo 

minute, inclosed in a large quantity of fleshy or’horny albumen. 119 Gen . ; 1703 Sp. 

Natural 0rd<jr«.--151. Magnoliace®, or Magnoliads. 152. Anonace®, or Anonads. 153, Dil- 
lcniucc®, or Dilleniads. 154. Ranunculucc®, or Crowfoots. 155. Sarrace&mlAce®. or Sar- 
raceniads. 156. Papaverace®, or Poppyworts. 


33. Berberales.— Flowers monodichlamydeous, unsymmetrical in the ovary; placent® sutura, 
parietal, or axile ; Btamens definite ; embryo inclosed in a largo quantity of fleshy albumen! 
•9 Gen. ; 604 Sp 9 ^ 

Natural Orders — 157. Droseraee®, or Sundew s. 158. Fiynariace®, or Fumeworts. 159. 
Bcrbendace®, or Bcrberids. 160. Vitacc®, or Vineworts. 161. Pittosporaccse* orPittos- 
porade. 162. Olacace®, or Oloeads. 163. CyriUace®, or Cyrillads. F 


M . Ebicaler.— Flowers dichlamydeous, symmetrical in the ovary : placcnt® axile ; stamens definite : 
embryo inclosed m a large qdanUty of fleBhy albumen. (Stamens occasionally adherent to 
the corona.) o8 Gen.; 12’ 
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95. Rutalks.— Flowers monodiohlamydeous, symmetrical; placentm axile ; calyx and corolla imbn 
catetl, if present ; stamens definite ; embryo with little or no albumen. (Occasionally 9)« 
236 Gen. ; 1233 Sp. 

Natural Orders . — 170. Aurantiacero, or Citronworts. 171. Amyridacero, or AmyridV. 172. 
Cedrelacea, or Cedrelads. 173. Meliace®, or Meliads. 174. Anucardiace®, or Anacurds, or 
Terebinths. 175. Connarace®, or Connarads. 176. Rutaco®, or Rueworts. 177. Xan- 
thoxylaorte, or Xanthoxyls. 178. Ochnuce®, or Ochnads. 179. Simarubace®, or Guus- 
siads. 180. Zygophyllace®, or Bean-cupers. 181. Elittinace®, or Water-peppers. 182. 
4 Podostemaceco, or Podostemads. 

36. Gkranlalks.— F lowers monodiohlamydeous, symmetrical ; placentm axile ; calyx imbricated ; 
corolla twisted ; ftameus definite ; embryo with little or no albumen. 19 Gen. ; 1033 Sp. 

Natural Orders. — 183. £inace®, or Flax worts. 184. Chlrenace®, or Chlenads. 185. Oxali- 
* dace®, or Oxalids. 186. Balsarunaccoo, or Balsams. 187. Geraciace®, or Cranesbills. 

87. Silen ales, — F lowers monodiohlamydeous; placenta free, central; embryo external, curbed 
round a little mealy albumen ; carpels more than one, completely combined into 1 a compound 
fruit. (Some slightly peryginous, others 9 .) 118 Gen.; 1829 Sp, 

Natural Orders . — 188. Caryopliyllaccm, or Silenads. 189. Ulecebrace®, or Knotworts. 190. 
Portulace®, or Purslanes. 191. Polygonace®, or Buckwheats. 

38. Chenopodalks. — F lowers monochlamydeous ; placentm free, central ; embryo external, either 

curved round or applied to the surface of a little mealy or horny albumen ; carpels solitary, or 
if more than one, distinct. (Some slightly perigynous, others g 9)* 125 Gen . ; 803 Sp. 

Natural Orders.-- 192. Nyctaginacefo, or Nyctagos, 193. Phytolaccace®, or Phytolaccads. 
194. Amarantace®, or Amaranths. 195. Chcnopodiuce®, or Chenopods. 

39. Piperales. — F lowers achlamydeous ; embryo minute, on the outside of a large quantity of 

mealy albumen. (Occasionally £ 9 ). 27 Gen. ; G22 Sp. 

Natural Orders. — 196. Fiperacero, or Peppcrworts. 197. Chloranthace®, or Chloranths. 
198. Saururacc®, or Saururads. 


Sub- Class IIT. — Pebigynous Exogens. 


Flowers 5? , or $ 9 ; stamens growing to the side of either the calyx or the corolla ; ovary superior, 
*• or nearly so. 

i 

40. Ficoida lx".— F lowers monodiohlamydeous; placentm central or axile; corolla, if present, poly- 
petalous ; embryo external, and curved round a small quantity of mealy albumen, 24 Gen. ; 
466 Sp. 

Natural Orders. — 199. Baselhieero, or Basellads. 200. Mcaembryaee®, or Ficoids. 201. Tetra- 
goniacc®, or Aizoons. 202. Scleranthace®, or Scleranths. 

11. Daphn ales.— Flowers monochlamydeous; carpel solitary; embryo amygdaloid, without albumen. 
129 Gen. ; 1409 Sp. 

Natural Orders. — 203. Thymelace®, C> Daphn ads. 204. Proteace®, or Proteads. 205. Lau- 
race®, or Laurels. 206. Cossythace®, or Dodder-laurels. 

42. Rosales*— Flowers monodichlnmydcous ; carpels more or less distinct : placent® sutural ; seeds 
detinite ; corolla, t if present, polypetalous ; embryo amygdaloid, with little or no albumen. 
551 Gen. ; 7491 Sp. 

Natural Orders. — 207. Calycanthacem, or Calycanths. 208. Clirysobalunace®, or Clirysoba- 
lans. 2Qp, Fabacere, or Leguminous plants. 210. Drupace®, or Aimond&orts.' 211. 
Pomace®, or Appleworts. 212. Sanguisorbace®, or Sanguisorbs. 213. Rosace®, or 
RoBeworts. 

48. 8axipraoai.es.— Flowers monodiohlamydeous; carpels consolidated ; placentm sutural or axile; 
seeds 00; corolla, if present, polypetalous; embryo taper, with a long radicle, and a little or 
no albumen. 89 Gen.; 761 Sp. 

• 

Natural Orders.— 214. Saxifragnce®, or S&xifrages^UU^Hydrangeaoe®, or nydrnngoads. 
216. Cunoniace®, or Cimcuiads. 217. Brexiace®, or Brexiads. 218. Lythracc®, or 
Loosestrifes. 
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4f. Rhamnall'S. — F lowers monodicluamyrteouB ; carpels consolidated; placenta axile l fruit cap- # 
euliir, berried, or drupaceous ; seeds definite ; embryo amygdaloid, with little or no albumen* 
323 Gen. ; 1034 Sp. 

• Natural Orders — 219. Pence ace®, or Rarcocollads. 220. Aquilariaccro, or Aqui.ari&ds* 
221. Ulmace®, or Kim worts. 222. Rhamnacero, or Rhamnads. 223. Chailletiaoe®, or 
Chaillctiads. 224. Hippocrateace®, or Iiippocrateads. 225. Celastrace®, or Spindle-trees. 
226. Stackhousiace®, or Stackhousiads. 227 . Sapotace®, or Sapotad*. 223. Styracace®, 
or Stor&xworts. 

15. Gxittianales. — F lowers dichlamydeous, monopetaloua ; placenta exile or parietal ; embryo 
minute, or with the cotyledons much smaller than the radicle, lying in a large quantity oi 
albumen. 221 Gen. ; 1580 Sp. 

Natural Orders.— 229. Ebenacero, or Ebanads. 230* Aquifoliace®, pr Hollyworts. 
231. Apocynacea, or Dogbanes. 232. Loganiace®, or Legoniads. 233. Diapenraice®, or 
Diapcnsiads. 234. Stilbacero, or Stilbids. 235. Orobanchace®, or Broomrapes. 236. Gen- 
tianacea, or Gcntianworts. 

46. Solanai.es.— -Flowers dichlamydcous, monopetaloua, symmetrical ; placenta axile ; fruit 2-3- 
i celled ; embryo large, lying in a small quantity of albumen. (Occasionally achlamydeous or 

| polypetalous)*. 298 Gen. ; 2934 Sp. • 

j Natural Orders. — 237. Oleacea, or Olivcworts. 238. Solanacca, or Nightshades. 

| 239. Asclepiadacca, or Asclopieds. 240. Cordiacea, or Sebestcns. 241. Convnlvulace®, 

| or bindweeds. 242. Cuscutacea, or Dodders. 243. Polcmoniacea, or Phloxworts. 

j 

' 47. Coutitsales. — F lowers dichlamydeous, monopetalous, symmeVical ; placenta free, central ; 

1 embryo lying among a large quantity of albumen. (Occasionally monochlamydeous, or poly- 

| petalous). 86 Gen.; 880 Sp. 

j Natural Orders. — 244. Hydrophyllncc®, or Hydrophyls. 245. Plumbaginacea, or 

! Lead worts. 246. Plantaginace®, or Ribworts. 247. Primulacea, or Primworts. 248. 

I Myrsinacc®, or Ardisiads* 

j 

48. Eciiiat.es.— Flowers diclilamydeouR, monopetalous, symmetrical, or unsymmctrical ; fruit nuca- 

mentnceous, consisting of several one-seeded nuts, or of clusters of them, separate or separable; 
embryo large, with little or no albumen. (Very rarely hypogynous !) 280 Gen. ; 4158 Sp. 

Natural Orders. — 249. Jasminacea, or Jasminworts. 250. Salvadors cea, or Salva- 
dorads. 251. Ehretiace®, or Khretiads. 252. Nolanacea, or Nolanads. 253. Bora- 
ginacea, or Borageworts. 254. Brunoniuce®, or Brunoniads. 255. Lainiacea, or Labiates. 
256. Vcrbenace®, or Verbcnes. 257. Myoporace®, or Myoporads. 258. Selaginace®, or 
Selagids. 

49. Biononiales. — Flowers dichlamydcous, monopctalbus, unsymmetrical ; fruit capsular or berried, 

j with itH carpels quite consolidated ; placenta axile, or parietal, or free central; embryo with 

little or no albumen. 408 Gen. ; 3508 Sp. 

Natural Orders.— 259. Fedalincea, or Pedaliads. 260. Gesnerncea, or Gesnerworts. 
261. Crescentiacea, or Crescentiads. 262. Bignoniacea, or Bignoniads. 263. Acan- 
thacea, or Acanthads. 264. Scrophulariacero, or Linariads. 265. Lentibulariacea, 
or Buttcrworts. 


Sub-Class IY. — Epigynous Exogens. 

Flowers g , or $ $ Q : stamens growing to the side of either the calyx or corolla ; ovary inferior, or 

nearly so. • 

50. Camfanalks.— F lowers dichlamydeous, monopetalous ; embryct with little or no albumen. 1102 
Gen. ; 10491 Sp. 

Natural Orders.— 266. Campanulacere, or Bellworts. 267. Lobeliacea, or Lobeliads. 208. 
Goodeniace®, or Goodeniads. 269. Stylidiace®, or Styleworts. 2 W. Valerianace®, or 
Valerianworts. 271. Dipsacace®, or Teazle worts. 272. Calycerace®, orCalycers. 273. 
Asterace®, or Composites. • 

51* Myrtales. — F lowers dichlamydeous, polypetalous ; placent® axile ; embryo with little or no 
albumen. (Occasionally monochlamydeous). 253 Gen. • 3340 Sp. 

Natural Orders. — 274. Cqmbretace®. or Myrobalans. 275. Alangiace®, or Alan- 
giads. 276. ChanirolaufiQ&f®, or Fringe Myrtles. 277. Haloragacero, or Hippurids. 
278. Onagrace®, or Onngrads. 279. Rhizophorac^®, or Mangroves. 280. Belvisiacem, or 
Nappleon worts. 281. Meiastomaoe®, or MelaBtomads. 282. Myrtace®, or Myrtleblooms* 
283. Lecythidaee®, or Lecyths. ^ 
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# 02. Cacta*,es. -Flowers dichlaraydeous, polypetalous ; placentso parietal ; embryo with little or nc 
albumen. 89 Gen. ; 900 Sp. 

Natural Orders. — 284. Homaliaceeo, or llomaliads. 285. Loasaceo), or Loasads. 28G. Ctic- 
taceao, or Indian Figs. 

53. Grosbales.— F lowers dichlamydeous, polypetalous ; seeds numerous, minute; embryo small, 

lying in a large quantity of albumen. 22 Gen. ; 208 Sp. ** 

N/itural Orders. — 287. Grossulariaceao, or Cur rant worts. 288. Escallonincca?, or Escal- 
• ldniads. 289. Fhiiadelphacca), or Syringas. 290. Burringtoniaceu), or Barringtoniads. 

54. Cikchonales.— F lowers dichlairtydeous, monopetalous ; embryo minute, lying in a large quantity 

of albumen. 305 ; 3243 Sp. 

Natural Orders.— 291. t'acciniaccce, or Cranberries. 292. Oolumelliaceop, or Columel- 
c liads. 293. Cinchonaccoe, or iCinchonads. 294. Caprifoliacess, or Caprifoils. 295. 
Galiacooo, or Stellatcs. t 

55. Umbellai.es. — Flowers dichlamydeous, polypetalous ; seeds solitary, large; embryo *smatl, lying 

in a large quantity of albumen. 322 Gen. ; 1780 Sp. 

Natural Orders. — 296. Apiacem, or Umbellifert. 297. Araliacem. or Ivy worts. 298. Corna- 
oeee, or Cornels. 299. Hamamclidacea), or Witch-Hazels. 300. Bruniaceao, or Bruniads. 

66. Asabales. — F lowers monochlamydeous ; embryo small, lying in a large quantity of albumen. 
49 Gen. ; 652 Sp. 

Natural Orders. — 301. Santalacero, or Sandalworts. 302. Loranthaccoo, or Loranths. 
303. Aristolochiaceo^ or Birthwortp. 


Had our space permitted, we should now proceed to consider the various alliances 
and natural orders in detail, bo as to lay before our readers a complete account of the 
whole kingdom of plants ; but we must content ourselves with the extended scheme 
which we have now inserted. 

We have but little to add to the directions which wc gave for the prosecution of tho 
study of classification under the Linnoean system ; but it is important to bear in mind, 
that under the natural arrangement th'e stamens and pistils play a subordinate part, 
and are only accounted as a portion of the whole constitution of tho pl?nt. But 
very minute and constant attention is directed to the ovule and the seed ; so that a 
pocket magnifier of moderate power is at all times necessary. 


EDWARD SMITH, M.D 
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ON THE STUDY OF ANIMALS. 


Ik whatever direction vc turn our eyes* we everywhere moot the varied forms of 
animal life. Earth, air, water, are all alike occupied by multitudes of living creatures, 
each lilted especially for the habitation assigned to it by- nature. Every wood or 
meadow — nay, every tree or shrub, or tuft of grass, — has its inhabitants; even beneath 
the surface of the ground numbers of animals may be found fulfilling the purposes for 
which their species were called into existence. Myriads of birds dash through the air, 
supported on their feathered pinions, or solicit our attention bjf the charming song 
which they pour forth from their resting places ; whilst swarms of inlets, with still 
lighter usings, dispute with them the empire of the “air. The waters, whether salt or 
fresh, are also filled with living organisms ; fishes of many forms and varied colours, 
and creatures of still more strange appearance, swim silently through their depths, and 
their shores are covered with a profusion of polypes, sponges, starfishes, and other 
animals. 

To whatever elevation wo attain on the mountain sides, to whatever depth in the 
ocean wc may sink the lead, everywhere shall we find traces of animal existence, 
everywhere find ourselves surrounded by living creatures, in a ’profusion and variety 
which may well excite our wonder and admiration. * * 

Nor are these phenomena confined to any one region of the earth ; on tho contrary, 
the diversity of climate only adds to the variety of objects which the zoologist is called 
upon to contemplate. Thus the bold voyager of the inclpmcnt regions of the north, in 
losing sight of those productions of nature which met his eyes at home, finds, as it 
were, a new creation in his new abode — seals, by the hundred, basking in tho scanty 
ray's of the Arctic sun, or diving into tho deep waters in search of their finny prey — tho 
whale, rolling his vast bulk in tie waves, and ever and anon driving high into the air 
liis curious flpuntain — water, be it remembered, strained from tho myriads of small ani- 
mals which constitute the food of the leviathan. * The air is peopled by'innumerablo 
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flights of marine birds ; the sea by still more countless swarms of fishes ; and the land 
affords a habitation to the elk and the reindeer, the arctic fox, and other creatures 
peculiar to those regions* » 

If we ' tnmi our r ega r ds southwards, to the tropical regions of the earth, the abun- 
dance and variety oft’ animated, beings increases more and more. Here the colossal 
elephant, ^and the equally unwieldy rhinoceros, crash through primaeval forests; the 
lftm and tile tiger, and other predatory beasts, prowl through the thickets, seeking 
for their prey ; on vast plains, countless herds of antelopes browse in fancied security, 
or dash swiftly away* at the approach of danger ; gigantic snakes lie coiled in horrid 
folds amongst* the hushes, or' hanging from the trees await their victims. The air and 
trees swarm with birds of gorgeous plumage, and insects of strange forms and brilliant 
colours. Nor are the waters leas bountifully provided with inhabitants : every form 
with which we are acquainted in our own seas is here represented, but with still 
greater profusion and variety. . 

At night the otfean sparklos with a brilliancy which rivals the splendour even of a 
tropical sky ; and this phenomenon, which may he witnessed, although in an inferior 
degree, in more temperate climes, is due to the presence of vast multitudes of minute 
phosphorescent animals, whose very existence would frequently remain unknown but 
for their powers of illuminating the waves by niglit. 

And when we have exhausted the study of external nature, there is yet another 
world to which we may turn. Within our bodies, and those of every species of animal 
from the highest to ucarly the very lowest, <^ist various forms of parasites, preying upon 
our substance or our food : creatures whose very existence and development arc a 
mystery — a mystery, however, which, as far n. it has yet been unravelled, serves to 
raise our expectations as to what remains behind. 


OX ZOOLOGICAL CLASSIFICATION. 

When we consider the immense number of animals existing on the face of the earth, 
of which we have endeavoured, in the preceding section, to give some slight, idea, we arc 
soon convinced that an attempt to obtain a knowledge of each of them individually, 
and without any acquaintance with their mutual relationships, would be. a perfectly 
hopeless task. We arc, in fact, compelled to call in the aid of some system of classifi- 
cation, which, by bringing together those animals which most resemble each other, and 
characterizing them by some common point of structure, may cnablc'us to form a sort 
of general idea of the whole, and to remember more readily the peculiarities of each. 
Some such, classification, rough and imperfect it may bo, is, indeed, formed by every 
observant mind ; and its terms find a place in ordinary language. Beasts, birds, and 
fishes, reptiles, and insects, arc; words familiar to every one, and convey to the minds of 
those to whom they arc addressed a more or less definite idea, according to the precon- 
ceived notions of*ihc hearer. 

Scientific zoological classification is, in point of fact, to a certain extent, coincident 
with this popular classification. The latter being the result of observation, the only 
foundation of natural history, must necessarily be more or loss correct, according to the 
extent to which the different kinds of animals bring themselves under the notice of 
mankind ; thus we find that tolerably clear notions exist as to the differences between 
a beast, a bird, and a fish, — these being creatures that pass constantly raider our eyes ; 
although, even with respect to these groups, wo find some erroneous ideas to provail. 
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But with respect to insects, and other lower animals with which mankind at large- 
are not familiar, the classification of ordinary language is by no means so precise ; so 
that whilst, in the former cases, zoology can adopt the popular groups merely by sub- 
mitting them to a few modifications, in the latter, science is compelled to invent a 
system of her own. 

This scientific classification is not, however, a mere arbitrary arrangement,’ like tha,t 
of the words in a dictionary, with the sole object of enabling us to find out all that is 
known (if a given animal in the shortest possible period of time, — it lias another and a 
higher purpose in view, that of showing the mutual relat ions of 'the various members 
of the animal kingdom, and tracing, in a manner, the steps taken by the Creator in the 
modification of the same typo to suit the various conditions in which His creatures 
were to. be jdaced. 

Tilt; knowledge of species constitutes the foundation of all zoological knowledge, — 
without which wc can never arrive at Sv>und generalisations. The species, which forms 
the first step in classification, consists of an assemblage of individual animals which are 
supposed all to have descended from the same parents, and exhibit the closest possible 
resemblance in all parts of their structure. This definition, if definition it may he 
called, must not, however, be taken in the strictest sense IHiicli might be applied to 
the words ; for in many eases we find that individuals undoubtedly belonging to the 
same species vary considerably amongst themselves, principally in colour and size. 
Variation is generally to bo observed, however, in animals under the influence of 
domestication, the individuals of most species of wild animals resembling each other 
so closely that it would he difficult to overlook their specific identity. 

A test fur the specific identity of animals, upon which much stress has been laid, is 
founded upon the supposed fact, that when two animals of different species breed toge- 
ther their offspring is always barren. This test is evidently applicable only when we 
can observe the animals alive ; whilst, even under the most favourable circumstances, 
such observations would be very inconclusive, as hybrids, between undoubtedly dis- 
tinct species, have been frequezitly known to breed. 

"Wc generally find that several species exhibit a considerable amount of resemblance 
one to another, agreeing perhaps in most points of importance, but differing in characters 
of minor value, such as colour, texture, and so forth. Such groups of species constitute 
the second upward step in classification — they are called genera. Thus the horse, the 
ass, and the zebra, although they may readily be distinguished from each other as 
species, present a very close resemblance in their general structure, and form a genus ; the 
cat, the lion, the tiger, and the leopard are in the same ease; as are also the dog, the 
wolf, the fox, and the jackal, — the animals may readily be distinguished as species, 
whilst the structure of their organs presents many common •characters. 

The arrangement of the species of animals in genera, gi ves rise to the modem system 
of zoological nomenclature. This system is called the binomial sy&Um, from the circum- 
stance that, according to this method, every animal receives two names ; one belonging to 
itself exclusively, the other in common with all the other species of the genus in which 
it is included. For example, the genus Felix, or eat, includes the lion, tiger, leopard, 
and cat, as species ; they all accordingly bear the generic name Felix, with the addition 
of a second name specially applied to each, serving to distinguish it from all other 
species of the genus ; thus the lion is called Fells Leo , the tiger Felts 'Tigris, the leopard 
Felts Leap ardus, and the eat Fells Cattus. This method of nomenclature has at least 
this advantage over the plan of conferring only a single name upon each species that 
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« when wot hear for the first time the name of a newly discovered animal, if we are at all 
acquainted with the genus to which it belongs, the mere mention of the name puts us at 
once in possession of a considerable amount of information as to its structure, form, 
and habits. It was first adopted by the illustrious Linnaeus, the modem founder of 
Natural History, in the tenth edition of his “ Systema Naturae,” published in 1758. 

* Proceeding with our ascending scale of classification, we find that the genera in 
their turn arc united by some common characters of importance into families , and these 
again into tribes . The tribes combine to form orders ; in sonic cases we meet with in- 
tervening stpps, mining tint tribes belonging to one order into two or three subordinate 
groups. The orders in their turn group themselves into classes ; and these lead us up to 
certain primary divisions which, when put together, constitute the Animal Kingdom, 

But although this be the means by which zoologists have arrived at certain* conclu- 
sions as to classification, it is by no moans necessary, nor indeed would it be convenient, 
to follow the same course in comm un? eating those conclusions to the world ; for this 
purpose we must commence at the opposite end of the scale — that is to say, with the 
largest groups. 

We find, therefore, that all animals are formed upon certain plans or primary types, 
generally sufficiently distinct. But these primary types of animal structure present us 
each with well-marked subordinate types, in which, whilst the essential characters of the 
primary division are preserved, the general structure of the body undergoes more or 
less modification. These subordinate types become modified in their turn, so that wo 
at last obtain a scries of groups, each characterized by some peculiarity of structure, 
gradually diminishing in comprehensiveness from the animal kingdom to tlie species. 
The characters of the primary divisions of the animal kingdom we now proceed to in- 
vestigate. 

On the Primary Divisions of Animals. — At the lowest point of the animal 
kingdom, approaching so closely to the lowest forms of plants as sometimes to leave us 
almost in doubt tf, which of the great divisions of organized nature they should be 
referred, wc jmcct with a series of creature.? in which the functions of organic life are 
performed by its simplest element — the cell. From this circumstance they have received 
from naturalists the denomination of unicellular animals , or Piiotozoa. 

These animals, in fact, consist entirely of elementary nucleated cells (see Physiology), 
or of aggregations of such cells, in which each still retains to a certain extent an ex- 
istence independent of its follows, and generally possesses the power, when separated 
from its attachments, not only of continuing its own life, but even of producing another 
compound structure similar to that from which it had been detached. These simple 
creatures possess no digestive cavity ; their food, when solid, being received into the sub- 
stance of the body, And tin! re gradually assimilated. The nervous and vascular systems 
are equally deficient ; in fact, the nucleus, which is an essential portion of the elementary 
cell, and one orenore contractile vesicular spaces, are the only traces of internal organi- 
zation observable in the clear gelatinous substance of which they are composed. 

Reproduction is effected in general by the division of the substance of the animal ; 
the phenomena of sexuality, which we shall meet with in all the higher animals, arc 
here never witnessed. 

From these simple creatures we pass to a group «of animals, the lowest members of 
which exhibit but little, if any, ‘advance in point of organization. Thqy do not, it is 
true, consist of isolated cells, or of Aggregations of similar independent cells ; but in many 
instances their bodies and organs are constructed entirely of a gelatinous cellular 
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matter very like that of which the Protozoa arc composed, and which appears to possess 
almost an equal power of retaining vitality in its smallest particles. As we advance in # 
the group, however, we find the organization of its constituent animals growing more and 
more complicated, from the vital functions becoming more and more differentiated— that 
is to say, performed by organs specially devoted to each ; until, from creatures roughly 
shaped out of a homo- 
geneous semi - gelati- 
nous mass, we gradu- 
ally arrive at animals 
furnished with distinct 
nervous and vascular 
systems, organs of mo- 
tion and reproduction. 

The most striking 
character of the ani- 
mals included in this 
group consists in the 
radiate arrangement of 
their organs (Fig. 1) 
round a central axis, 
which generally passes 
through the mouth. 

From this peculiarity 
they have been de- 
nominated by zoolo- 
gists radiated animals : 
they constitute the di- 
vision Hadiata. This 

group includes those • 

animals which were formerly supposed to approach very closely to pliKits, or indeed 
rather to* partake of a sort of mixed nature intermediate between animals and 
vegetables, hence called zoophytes , or animal-plants ; and some authors make use of this 
name in preference to that of lladiata y to indicate the present group. 

The nervous system can only be recognised distinctly in the most highly organized 
of these animals. In these it partakes of the radiate 
arrangement of the body (Fig. 2), the nerve distributed 
to each division of the body corresponding exactly with 
those of its neighbour, and arising from a separate centre. 
These centres arc all placed in a circle round the mouth, 
and united by a cord which forms a complete ring. 

The sense of touch appears to be tfic only one which 
can with certainty be ascribed to these animals; this 
resides in the general integument, and is also frequently 
exercised by special organs. 

• All the ltadiata possess a mouth and intestinal cavity • 
but Very few of them have a second opening for tho dis- 
They generally possess a more or less distinct vascular sys- 



].— f? tar-fish. 



. 2. — Nervous system of 
Star-fish. 


charge of fiscal matters. 


tern ; in some of the higher forms a sac-like heart occurs. 
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Sexual reproduction occurs in all the lladiata, and the sexes arc generally on 
» separate individuals. Propagation is also very commonly effected in this sub-kingdom 
by the formation of buds or gemmulcs ; and these either remain attached to the oaront 
stock, which thus goes on increasing continually in size, or become free, and lead an 
independent existence. 

In the two preceding divisions of the animal kingdom we find the body formed upon 
t^vo very \Ufferent principle's. In the first and lowest it may almost bo said to be amor- 
phous. The organs, such as they are, follow no particular arrangement ; and in many cases 
it is impossible even to fix their relative position. In the second, however, a certain 
symmetry is gbscrvuhlc; and* ibis is the case also with the remaining groups, the charac- 
ters of v hieh we have yet to lay before the reader. But this symmetry is of a very 
different kind; in the Radiata the parts of the body are all grouped round a common 
axis, every organ being merely a repetition of its fellows ; whilst in those Which must 
now pass under consideration, the organs of the body arc arranged more or less 
distinctly in pairs 4 on each side of the body, so as to produce what has been termed 
by zoologists a bilateral symmetry. In none do we find this mode of construction so 
completely exhibited os in the animals forming the third primary division of the animal 
kingdom, to which we must now direct attention. 

The most striking peculiarity of these animals, by which, in fact, they may generally 

be distinguished 
at the first glance 
from all other crea- 
tures, is, that their 
bodies and limbs 
arc composed more 
or less distinctly 

of segments or rings. From this, which is their most prominent character, they have 
been denominated articulated or anmdosc animals . They constitute the division An- 
TICULATA. 1 , 

The joints *or segments of which their bodies are composed, are formed essentially 
by a series of transverse folds in the integument of the animal. In many of the lowor 
forms the skin .-.till remains perfectly soft and flexible; but in by far the greater number 
these folds become transformed into a series of homy or crustaccous rings (Fig. 3), 
united to each other by a softer portion of the integument, so as to permit a greater or 
less degree of flexibility. The; limbs, 
as well as the body, are constructed of 
rings of various forms ; and these, taken 
together may be regarded, to a certain 
extent, as a sort of external Skeleton , ful- 
filling, as they do, most of the purposes 
of the skeleton m Yuan, and the animals 
most related to him. Lik\> this, it 
gives support to all the soft parts of the 
body, and furnishes points of attach- 
ment to the muscles; which again, by 
their action on the moveable pieces com- 
posing it, give rise to the various move- 
ments of the creature. In many cases all the segments composing the body, with the ex- 
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1%. 3.— Centipede. 



Fig. 4.— Crab (Tliclphusab 
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ception perhaps of those at the two extremities, are exactly similar ; each presenting the 
same form and bearing the same organs as its neighbour. An instance of lius may bd 
seen yi the Centipede, already figured ; and it is still more strikingly exemplified in many 
marine worms. Generally, however, the segments present marked differences of form 
and comparative size, and in the structure of their appendages ; this is very distinctly 
observable in the insects and crabs (Figs. 3, 4). * 

Every segment is supposed to be capable of bearing two pairs of appendages or mem- 
bers, one connected with the ventral, the other with the dorsal portion of the segment. 
Both pairs of members do in fact occur upon all, or a portion of tl^p segments in some of 
these animals; but in general the ventral members alone hre developed, and these only 
on certain segments. In the insects, in addition*to three pairs of ventral members, or 
legs, we find generally two pairs of dorsal appendages — tlie wings. Sometimes, as in 
the earthworm and leech, the limbs are entirely deficient, or only represented by a few 
bristles ; but, when present, their number is never less than six. 

The nervous system of the Articulate generally exhibits the tendency to segmentary 
repetition, characteristic of the group, very distinctly. In 
its most characteristic form (Jjjig. 5), it consists of a dou- 
ble nervous cord funning down the middle of the ventral 
portion of the body, and uniting a series of knots or gang- 
lia which lie in its course ; these ganglia give rise to 
nerves which arc distributed to the various organs. The 
more elongated the body, and the more similar the differ- 
ent segments of which it is composed, the more regularly 
do the ganglia follow one another ; whilst, when the seg- 
ments boeomc more or less amalgamated, the individual 
ganglia fuse in a corresponding degree into larger masses. 
This ventral cord originates from one or more ccphali c 
ganglia of considerable size, situated in the bead above 
the cesopliagus, which give off two filaments to join the 
first ventral ganglion, and thus fora* a nervous ring sur- 
rounding the oesophagus. From this the ventral cord takes 
its rise. 

In the lowest animals arranged in this division we have some difficulty in refeiring 
the nervous system to the articulate type; but when these animals present us with a 
distinct nervous system it consists of one* or two ganglia situated in the neigh- 
bourhood of tlie oesophagus, and giving off two thin branches which rpn down the 
body. 

The majority of the Articulata possess the senses in tolerable perfection. The eyes 
in many cases present a highly complex structure, consisting of a guut number of hex- 
agonal facets, each of which may be regarded as a distinct eye ; this construction of tlie 
eyes is especially prevalent in insects, and is peculiar to tlie imnulose division. When 
these eyes arc wanting, and even when they arc present, we frequently meet with 
simple eyes, which agree very closely in structure with the individual eyes, by the 
aggregation of which the compound visual organs are formed. The senses of hearing, 
teste, and smell, appear also to be possessed by a great many of these creatures ; hut 
the organs by which these faculties are exercise?! can seldom he indicated with any 
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degree of certainty. The sense of touch of course resides in the general integument ; 
lut speciaf organs of touch art' also frequently developed. 

The mouth is nearly always furnished with several pairs of jaws, placed one behind 
the other, some serving for the prehension and others for the mastication of food. 
These jaws open laterally, so that the aperture of the mouth is vertical , or in the 
direction of the axis of the body. 

r Most of*the Artimlata have whitish or colourless blood. The only exceptions arc to 
be met with amongst the worms, some of which have red blood. In these, however, 
the colour of the blood is inherent in the fluid portion, and not due to the presence of 
red corpuscle.^ (see Physiology). Their circulation is effected by means of a dorsal 
vessel , which carries the blood from behind forwards ; it returns to the posterior portion 
of the body, either through a proper vascular system, or by passing through interstices 
left in the tissues of the body. 

Sexual oviparous reproduction prevails throughout this division. The sexes arc 

gen (‘rally separate, although in 
some of the lower forms we meet 
with complete hermaplirodism. 

In the fourth great division 
of animals the bilateral typo of 
structure is far from being so dis- 
tinct as in the Articulata. It is, 
however, still to be recognized in 
the general arrangement of the 
external organs, especially of those 
surrounding the head. 

These animals, of which the 
snail may be taken as a familiar 
example, are usually inclosed in a 
tough skin, to the inner surface 
of which the muscles arc attached, 
and by its contraction and dilata- 
tion the movements of the; animal 
are effected. With the exception 
of the cuttle fishes, in which a sort 
of cartilaginous support is present, 
none of these creatures possess 
anything which can be regarded 
as analogous to a skeleton; the 
body forms a soft mass, frequently 
varying greatly in form at the 
will of the creature. These pecu- 
liarities have led zoologists to give 
them the name of molluscous , or 
soft-bodied animals ; they consti- 
Fig. 6.— Nervous system of u S< pia. tutfo the division MoLLUSCA. 

Inmost of these animals the mr-vous system consists of a number of knots or gang- 
lia, scattered more or less irregularly through the body, 'united with each other by 
nervous filaments, and giving off fu cr filaments, the tnio nerves, to the various organs. 
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| In the more highly organized Mollusca three or four of these ganglia are collected in 
the head, forming a cephalic mass, which represents a brain (Fig. G) ; but cfv'cn in its* 
* most condensed form the separate cephalic ganglia may still be recognized, forming a 
\ sort of ring through which the oesophagus passes. 

j Some of the lower forms arranged with the molluscous animals by modem zoolo- 
1 gists, possess only a single ganglion, from which filaments arc given off in all directions ; 
j and between this and the highly complicated structure represented in Ffg. G* wc moot 
j with every conceivable gradation. 

As might bo expected from the great differences displayed b^thc mcmbcis of this 
: great division of the animal kingdom, in regard to the degree of development of the 
| nervous system, the senses are possessed by them fn veiy various degrees of perfection, 
j In* some of the lowest forms the universal sense of touch appears to he the only one 
present ; but as we ascend in the scale we meet with creatures more highly endowed 
in this respect. Tentacles, or special yrgans of touch, frequently occur, generally in 
the neighbourhood of the head ; organs of siglft, hearing, smell, an4 taste, make their 
! appearance, until in the highest forms of molluscous animals we find the organs 
of the senses as highly developed as in many of those belonging to the highest 
division. # 

The skin of these animals generally lies looScly about the body, so as to form a sort 
i of cloak or mantle. The mantle 

i 

i frequently possesses the power of 
j secreting a hard substance, well 
i known as the shell, which serves 
: for the protection of the creature 
(Fig. 7). It increases with the 
growth of the animal, and varies 
in form according to the species 
which inhabits it. 

The intestinal canal is verj” 
variable in its structure, but always 
presents two openings — a inoutli 
and an anus; the liver frequently !%• ".—Pond Snail ( hymnwa). 

attains a very great degree of development. 

The circulatory system is generally very highly organized; a heart, often divided 
into several compartments, with arteries and veins penetrating all parts of the body, 

: existing in nearly all the Mollusca. The blood is colourless, or nearly so. 

The Mollusca arc oviparous animals ; the male and female organs are frequently in 
j separate individuals, although many species are hermaphrodite. # 

I In the fifth and highest division of the animal kingdom wc meet with a series of 
: organs to which nothing similar occurs in the groups which have already passed under 
review. 

All these animals possess a nervous system, consisting essentially of a brain, inclosed 
within a bony case, the skull, beneath which the (esophagus passes, and a single cord 
of nervous matter, originating from the lower part of the brain, passing through a large 
hole in the base of the skull, aftd running down through a bony canal, formed by the 
vertebral column, of which the skull is, in fact, only, the anterior portion. As this set 
of organs, tKc brain and the spinal cord, the skulj and the vertebral column, whilst 
possessed by no other animals, is constantly present in these, its existence will always 
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serve to distinguish them from tho rest of the animal kingdom. They arc accordingly 
Vailed reribbrate animats, and tho division which they form, Yebxeiirata. 



Fig. 8. — Skeleton of the Dugong. 


These, however, arc not* the only characters possessed in common by vertebrate 
animals. The vertebral column forms only a portion of an internal bony framework 
or skeleton, which serves for the support of the soft portions of the body ; and by fur- 
| nisliing the necessary points of attachment for tin? muscles, assists in effecting the 
J movements of the animal. This framework generally consists of the vertebral column, 

| including the ahull ; the jaws, which arc regarded as appendages of the vertebra?, 

| of which the skull is considered to be composed ; the ribs, a scries of brfhy arches, 
articulated at one extremity with the bones of tlic vertebral column, and at the other 
either attached to a central bony piece, the sternum, or lying perfectly free: in the tissues 
of the body ; and the limbs, which are never more than four in number. Tin? jaws in 
these animals always separate in a vertical direction, so that the opening of the mouth 
is transverse. .They all have red blood, and a muscular heart. Their reproduction is 
sexual, and the sexcs*are never united in the same individual. r 

The animals constructed upon this type are the most highly organized of living 
beings. In no others is the nervous matter, the seat of sensation, intelligence, and 
volition, presented in so concentrated a form — in none are the senses so perfect, or the 
various functions of the animal economy so completely isolated. 

We thus sec that animals arc constructed upon five primary types or plans, of which 
all the varied forms presented by these creatures are but modifications, as though the 
Creator in designing the animal world liad imposed upon himself, in the beginning, 
| certain fixed rules, frofn which he would not swerve. 

In this manner w r e get live groups, each of which leads us a step higher than the 
others ; although is by no means to be supposed that wc have here that gradually 
ascending chain of beings sq much talked of, in which every species, from the lowest 
to the highest, is supposed to form a link. It is mere ly in their most highly organized 
members that the mutual superiority or inferiority of these divisions can be recognized ; 
and, as a general rule, it may be said, at all events for the Eadiata, Articulate, and 
Mollusca, that the highest members of each group tore considerably more perfectly 
organized than the lower members* of the others. The Protozoa and Ycrtcbrata appeal* 
to be exceptions to this rule ; for the 1 most highly organized of the former can scarcely 
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be regarded as superior even to the lowest forms of the other divisions ; whilst the 
fishes, which constitute the lowest members of the vertebrate division, still appear to 
be mote highly organized than the highest Mollusca. 

These five divisions may therefore stand as follow : — 

V. Yerteiirata. 

IY. Mollusca. III. Articulata. II. Radiata. 

I. Protozoa. 


Division I. — Protozoa. 

• General Characters. — This first division of the animal kingdom includes a 
number of creatures of a very low type of organization, which appear almost to occupy 
a sort of neutral ground between animnjs and vegetables. 

The bodies of these animals consist either of a simple elementary* cell, with its con- 
tents, or of an aggregation of several of these cells ; each, however, still appearing to 
retain its independent existence. They are generally of very minute size, and only to 
be observed with the microscope. 

It is in vain to seek in these creatures for ally internal organs. They are entirely 
destitute of nervous and vascular systems ; and the highest form of alimentary apparatus 
which is to he found in them consists only of a mouth and a short oesophagus. In 
many of them, however, no trace of any alimentary canal is to he discerned, and these 
either live by imbibing fluids through their outer surface, or by the amalgamation of 
solid substances with the gelatinous mass of which they arc composed. This gelatinous 
matter, wlucli lias been termed sarcode by M. Dujardin, frequently lias vacant spaces 
like small bladders in various parts of its substance : these appear and disappear 
according to circumstances or the will of the animal. They have, nevertheless, been 
mistaken by Elircnherg and other observers for so many stomachs, although no one has 
ever attempted to prove the existence of an intestinal canal uniting' them. 

Almost all these creatures live in water : a few only inhabit the intestines of other 
animals, ^hey generally present the appearance of a transparent gelatinous cell, in 
the midst of which a more or loss distinct nucleus is to be? observed. In addition 
to this nucleus, one or more clear pulsating spaces may he distinguished in the 
interior of the cells. These appear in some degree to effect a sort of circulation of the 
soft substance of the body, and may, therefore,, be regarded as the first shadowing forth ! 
of a circulatory system. Many of them approach very closely in their structure \ 
to the germs given off by some of the lowest forms of aquatic plants, which, ! 
singularly enough, possess quite sufficient locomotive power to enable them to pass for 
animals when the observer is unable to trace their development ; indeed, many of them 
have been, described as belonging to the present group. It is very probable, in fort, [ 
that a great number of the creatures, still included in this division l>y naturalists, will j 
prove, on further investigation, to he vegetable organisms;* 

The reproduction of these animals is generally effected by the division of the sub- 
stance of the creature itself. In some instances two of them combine to form a single 
cell, which afterwards splits up 'to allow the escape of a number of young cells. The 
division always commences in the nucleus above-menfioned. 

Some Protozoa are also propagated by the division of their substance in a different 
manner. A small bud shoots out from some portiou of the body, which gradually 




204 


DIVISIONS OF THE PROTOZOA. 


^becomes developed until it resembles its parent, when it is usually east off to shift for 
‘itself. 

Many of these animals, simple as they may appear, havo yet the faculty oT pro- 
ducing a shelly covering for the support and protection of their gelatinous bodies ; and 
these are not without their importance in the geological history of our planet. The 
chalk hillji, whose cliffs are so characteristic of the south-eastern coast of this country, 
consist almost entirety of the shelly coats of innumerable multitudes of these minute 
creatures. 

The sponges, perhaps thc f lowest forms in which animal existence is presented to 
our observation, arc to be placed in this division, as they are also found to consist 
essentially of ail aggregation of nucleated cells. t It has often been considered doubtful 
whether these creatures arc really animal organisms, as in many points, an 4 especially 
in their mode of propagation, they very closely resemble the lowest forms of plants. 
Their true nature has long been a moot-point* with naturalists ; and by some zoo- 
logists they are altogether rejected from the animal kingdom, although the most 
recent researches, and especially those of M. Laurent, and of Mr. Carter, appear to 
establish their animal nature bej'ond a doubt. 

Division. — The Protozoa arc divided into three classes. In the first, to which 
the name of Hhizofoda has been given, the body is composed entirely of the gelati- 
nous matter above mentioned. The surface is not furnished with cilia, motion being 
effected by the extension of portions of the substance into filaments or processes of 
various forms.*’ These creatures arc either solitary or aggregated. In the latter case 
the compound animal is inclosed in a chambered shell, each individual cell-body occu- 
pying its own chamber. 

The second class, including the sponges, consists entirely of associated cell animals ; 
the individual cells resembling those of the preceding class in their power of extending 
the substance of their bodies in all directions ; but in this class they are united by a 
mucilaginous intercellular substance, and supported upon a horny framework. From 
the masses formed by these creatures bemg perforated in even' part with minute orifices, 
they have received the denomination of Porifeua. # 

The animals constituting the third class of the Protozoa have been called Infusoria, 
from the circumstance that they were originally discovered in infusions of vegetable 
matter exposed to the • air for a short time. They are generally solitary unicellular 
animals, and differ from the Khizopoda in having the outer surface of the body of a 
somewhat firmer consistence than the rest of their substance. They arc usually fur- 
nished with a mouth, and their movements are effected by means of cilia, or of one or 
more long filiform appendages attached to 011c extremity of the body. 

Class I. — Piiizopoda. 

In the deposit formed at the bottom of fresh-water ponds, we may often meet with 
a singular minute gelatinous body, which constantly changes its form even under our 
eyes, and moves about in its' native element by means of finger-like processes, which it 
appears to havo the power of shooting out from any part of its substance. This shape- 
less gelatinous mass is an animal, the Atnwba diffluent (Fig. 9 ), well known to micro- 
scopic observers under the name qf the Proteus, from the continual changes of Bhape 
which it presents to our notice. It, consists entirely of the granular gelatinous matter 
already mentioned as sarcode , and appears to he nearly homogeneous in its texture ; that 
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is to say, the outer surface exhibits no signs of being bounded by any distinct mem- 1 
branc or layer of a firmer consistence than the rest 
of th* body. 

With the exception of the pulsating clear 
space, which has already been referred to as appa- 
rently constituting the first traces of a circu- 
latory system, and the nucleus, which, as wo 
have seen, is so essential a portion of the Pro- 
tozoan animal, no indications of any internal 
organization arc to be recognised in this creature ; 
for it possesses neither mouth nor intestinal canaf. 

It is ^ot to be supposed, however, that the animal 
keeps a perpetual fast, or that its food is entirely 
of a fluid nature. On the contrary, it appears to 
be, in its small way, of an exceedingly voracibus 
disposition, seizing upon any minute aquatic ani- 
mals or plants that may come in its way, and ap- 
propriating them to the nutrition of its own gelatinous person. The mode in which this 
tender and apparently helpless creature effects this object is very remarkable. The gela- 
tinous matter of which it is composed is capable, as we have seen, of extension in every 
direction ; accordingly, when the Amoeba meets with anything that it regards as suitable 
for its support, the substance of the creature, as it were, grows round *he object until 
this is completely inclosed within the body, when it is gradually dissolved. The sub- 
stances swallowed, if such a term be admissible, by this hungry mass of jelly, arc often 
so large, that the creature itself only seems to form a sort of gelatinous coat inclosing j 
its prey; an instance of this is shown at d in the above figure. j 

This curious animal presents us with the essential characters of the class Rhizopoda 
in their simplest form. All the other members of the class rescnible it in the texture 
of the body, and in the mode by which progression and nutrition are effected, however 
they maj differ in other respects. In many cases, indeed in the majority, the creatures 
are inclosed in a shell or shield, from which the filamentous processes above described 
as the means by which motion is effected, are protruded through one or more holes 
X>iorccd in the shell for this purpose. These processes themselves vary very considerably 
in form, being sometimes thick and fingcr-like, as in the Amoeba ; in other instances 
thinner, variously branched, and often most intricately anastomosed. 

The Rhizopoda arc all aquatic animals. Some live in fresh water, hut by far the 
greater number inhabit the sea. Although a few of them, like the Amoeba^ are solitary, 
the class consists principally of associated animals ; that # is to sjy, of masses of indi- 
viduals, forming, as it were, a common body, but each still retaining its independent 
existence* 

This difference of habit affords us the means of dividing this class into two orders. 
The first, the Monosomatta , contains those Rhizopoda which only consist of a single 
animal ; they arc either entirely naked or inclosed in a capsule with a single opening 
for the extrusion of the motor filaments. 

Of tho naked forms, constituting the family Proteidcc , wc have already had an 
examplo in tho Amoeba ; and the other members $f tho group present very similar 
characters.* # 1 

The solitary Rhizopoda , furnished with a homy shell or capsule, forming a more or 
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less complete case for the animal, constitute the family Arcellidce . The filamentous 
processes liy which motion is effected arc protruded from a single aperture. These 
filaments are often much branched ; they may be seen under the microscope gradually 
extending themselves, like streams of very soft gelatinous matter, which divide and 
subdivide in every direction. In the genus Arcella , from which the family derives its 
name, the shell is somewhat of a bell-shape, with a very large round opening. In 
Englypha it is of an oval or flask-liko form, with the opening at the smaller end. In 
this genus the shell appears as though formed of a sort of mosaic of small homy pieces. 
In Drfflugia (Fig. 10),, the shell is often glo- 
bular. 

f 0 

The animals constituting the second order, 
the Polythalamia , are all inclosed in calcareous 
shells. These creatures are social ; the shells 
consisting of a series of distinct chambers, r 
which sometimes ccteimunicate one with another, 
and sometimes appear to be completely closed 
up ; each of them is supposed to contain a 
separate and probably independent animal. It 
s not improbable, however, that the individual 
animals may be so connected with each other, 
through the medium of the openings communi- 
cating betweer the cells, a3 to constitute a 
common mass, with which each animal is partially amalgamated. 

In some instances each chamber of the common shell presents only a single 
external opening ; but, as a general rule, the substance of the shell is pierced, like a sieve, 
with numerous minute pores, through which very delicate filaments arc protruded. 

All the Polythalamia inhabit the sea ; and frequently occur in such great numbers 
that the fine calcareous sand which constitutes the sea-shore, in many places, consists 
almost entirely of their microscopic co'ats. At former periods of the earth’s history 
they existed in' even greater profusion than at present ; and their fragile shelly form the 
principal constituents of several very important geological formations. Thus the c halk 
appears to consist almost entirely of the shells of these animals, either in a perfect state, 
or worn and broken by, the action of the waves ; and they occur in great quantities in 
the marly and sandy strata of the tertiary epoch. The stone which is universally 
employed in Paris as a building stone is almost entirely composed of the fossil shells of 
an animal belonging to this order, the Miliola; so that this great city, of which its inhabi- 
tants used to, say that he who hadpiot seen Paris had seen nothing, owes its architectural 
beauties, at all cvent^, to tfyese minute creatures, of which many thousands would 
scarcely weigh an ounce. Lamarck, the great French naturalist, in referring to this 
circumstance, observes — “Wc scarcely condescend to examine microscopic shells, from 
their insignificant size ; but we cease to think them insignificant when we reflect that 
it is by means of the smallest objects that nature everywhere produces her most remark- 
able and astonishing phenomena. Whatever she may seem to lose in point of volume, 
iu the production of living bodies, is amply made up by the number of the individuals 
which she multiplies, with admirable promptitude, to, ihfinity. The remains of such 
minute animals have contributed much more to the mass of materials which compose 
the exterior crust of the globe, than the bones of elephants, hippopotami, and 
whales.” 



Fig. 10. — Diffiugia Cilobulosa, 
300 diameters. 
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From the extremely elegant structure of the shells of these animals, . Alcidc. 
d'Orbigny, who was the first to call the attention of modem naturalists to them, was 
led to Regard them as microscopic forms of Cephalopodous Mollusca, as they presented 
at first sight a considerable resemblance, on a small scale, to the chambered shells 
formed by many of those creatures. By M. d’ Orbigny, and many subsequent naturalists, 
they were accordingly arranged in the class of Cephalopoda , with animals possessing at 
least as high a degree of organization as some of the lower Vertebrata ; and it was not 
until the year 1835 that the researches of M. Dujardin — since amply confirmed by other 
observers — showed that the creatures to which these shells jwed tUbir construction were 
very nearly allied to the Amoeba. Nearly two thousand species of these microscopic 
shells have been described ; but it is probable that many of these will bo found, on 
further investigation, to be only forms of the same animal in various stages of develop- 
ment. They have been divided into several families, characterized by the arrangement 
of the chambers constituting the shell. » 

In one, the Stichostegidm , the chambers arc placed end to end in a* row, so as to form 
a straight or but slightly curved shell (Fig. 11). In the second family, the Enalloste- 
gidcCj the chambers arc arranged alternately in two or three parallel lines ; and as the 
construction of the shell is always commenced with a single small chamber, the whole 
necessarily acquires a more or less pyramidal form (Fig 12). The third family, the 
Helicostcgidce , presents us with some of the most beautiful forms that we meet with in 
these shells (Fig. 13). They commence by a small central chamber ; and each of the sub- 



Pig. 11. Nodosaria. Fig. 12. Tcxtularia. t Fig* 13. Polystomella. 

sequent chambers, which are arranged in a spiral form so as to give the entire shell much 
the aspoct*of a minute flattened snail, is larger than the one preceding it. It is in this 
family that wc find the nearest approach, in external form,, to the largo chambered shells 
of the Cephalopodous Mollusca, of which the Nautilus and the Argonaut are examples. 
The fourth family, the Entomostegidoc , stand in the same relation to the preceding, as 
the Enallostcgidw to the Stichostqgidcc ; that is to say, the chambers are also arranged in 
a spiral form, but in a double series. A fifth family includes those shells in which the 
chambers arg arranged round a common perpendicular axis in such a manner that cateh 
chamber occupies the entire length of the shell. The orifices of the chambers are. placed 
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alternately at each end of the shell, and furnished with a curious tooth or process. The j 
Miliola, already mentioned as constituting the Parisian building stone, will serve as an ! 
example of this family. <i 

It is probable, although by no means certain, that the animals whose fossil shells, 
termed Nmimulitcs , are found in great quantities in the chalk and lower tertiary strata, 
are also ( to be regarded as members of this class. No living example of this form of 
'animal has yet been met with ; but in a fossil state wholo mountains in the neighbour- 
hood of the Mediterranean consist almost entirely of their shells ; and the Pyramids of 
Egypt, which havt been reckoned amongst the wonders of the world from very j 
remote ages 1 , are chiefly built with a limestone that is almost entirely composed of j 
Nummulites. In the time of Strabo it appears that the number of these fossils in the ; 
stones of the Pyramids had already attracted attention ; and he tells us Jhat the » 
then commonly received opinion with regard to them was, that they were the : 
petrified remains of the lentils which had beep used as food by the workmen employed I 
in the construction of these vast edifices. Herodotus also notices the occurrence of 1 
these fossils in the Pyramids, and gives the above explanation of their origin. 

Ci^.ss II. — Pompeii a, or Sponges. 

i 

M . Although these animals arc generally regarded, and perhaps justly, as standing on 
■J§*wt of debateable ground between the animal and vegetable kingdoms, or at all events 
as occupying a frontier station in the former and approaching more closely to plants 
than any otlier animated beings, we have thought it better to defer the description of 
their singular structure and history until the completion of that of the Hkizopocia ; 
not that the Sponges are necessarily to be regarded as more highly organized than the 
animals belonging to that class ; but because many points, in their structure and de- 
velopment, are rendered far more clear by a previous knowledge of such creatures as tlio 
Amueba and its allies. 

Sponge, in the ktate in which we usually see it, consists of a congeries of horny 
filaments, interlaced in every direction so as to form a most intricate network 

of intercommunicating cells. According to 
some observers, these filaments arc hollow, 
constituting, in fact, so many homy tubes ; 
but the researches of Dujardin and of Mr. 
Powcrbank tend to prove that this view was 
erroneous, and that the threads of which 
sponge is composed arc solid throughout. 

Imbedded in these threads, in the ma 
jority of sponges, arc a number of very 
minute needle-shaped siliceous or calcareous 
particles of various forms ; thestf arc called 
spicula (Fig. 14). In most cases, the spicula 
are simply of an acicular form, slender and 
cylindrical, and pointed at both ends. In 
other instances they have a small knob at 
one end, whilst the opposite extremity is 
pointed, giving them exactly the appear- 
ance of minute pins ; in others again, we find ono end transformed into a fork with 
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two or even three prongs ; or the whole spiculum consists of three or four spines of 
equal length. 

Ir^ spite of their excessive minuteness, these spicula appear to be really small tubes, 
closed at both ends ; for, according to Dr. Grant, to whose researches we are indebted 
for much valuable information upon the structure and physiology of .these simple crea- 
tures, “ when the spicula ore oxamined through the microscope, after exposure to heat, 
we distinctly perceive a shut cavity within them, extending from the one point to tfie 
other ; and on the inflated part of each spiculum wc observe a ragged opening, as if a 
portion had been driven out by the expansion of some contained* fluid. In those spi- 
cula which had suffered little change of form by their incandescence, I ha^e nev^r failed 
to observe the same cavity within, extending from one end to the other, and a distinct 
open rent on their side, by which the contained matter has escaped before the usual 
globular distension had taken place.” 

This framework, with it3 contained spicula, is, however, only a sort of homy ske- 
leton, on which the true living portion of the Sponge is supported. • This consists of a 
coating of gelatinous matter, which is spread over all the fibres of the reticulated 
skeleton ; its consistence is very like that of tho white of an egg, and it runs freely 
away from the sponge when the latter is taken out of the w^Lter. 

But when examined under the microscope, Ihis gelatinous coating is found to con- 
sist entirely of an immense number of aggregated sarcode-cells, exactly resembling the 
animal described under the name of Ammba, as the simplest type of the Rhizopoda . 
Like that curious creature, each of these cells appears to possess a perfectly independent 
existence ; each presents one or more contractile spaces ; and even when detached from 
the mass of its fellows, enjoys the faculty of motion by the extension of its substance 
in various directions. Such, at least, is the case in the fresh- water sponges, or Spon - 
gillcCy the history of which has 
been most admirably detailed by 
Mr. II. J. Carter, of Bombay, 
from whoso memoirs the follow- 
ing particulars, as to the structure 
and development of these crea- 
tures, arc principally derived : — 

u The sarcode cells above- 
mentioned are imbedded in an 
intercellular substance, to which 
the homy framework supporting 
tho sponge appears to owe its 
origin. The cells, whilst still 
imbedded in this mueilaginouB 
substance, aje constantly changing their form ; and as when separated from the common 
mass they, are seen to take nutritive substances into, their bodies in tflfe same manner 
as tho Amceba,’ it is very probable that the same phenomena occur when tho creatures 
are still in situ . 

A glance at a piece of common sponge will show that its surface is everywhere 
perforated with an infinite number of minute holes, amongst which a considerable 
number of large openings are scattered. When a sponge' is examined in a living state, 
a rapid stream? of water may bo observed issuing constantly from these larger orifices.* 
This excurrent stream of water is rendered observable by the fact that it bears with it 
- » 
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a number of minute particles from the interior of the sponge (Fig. 16). This water is 
imbibed through the minute pores distributed in such profusion over the entire surface 
of the sponge ; after passing through these, and traversing tho cavities formed in (jvory 
direction by tho reticulated structure of the mass, it is collected into canals, by which 
it is finally conducted to tho larger openings of the surface. 

The primary objects of this continual flow of water through the substance of tho 
sponge appear to be two-fold ; first, the conveyance to the individual cells of which the 
living portion of the sponge consists, which may be regarded as so many stationary 
animalcules, the minufcj particles of nutritive matter necessary for their support and 
that of tljc general mass ; and, secondly, the removal of foccal*mattcr from the interior 
of the sponge. But nutrition and the removal of effete materials are not the only 
purposes to which it is applied — respiration, which, judging from analogy, is as 
necessary to the sponges as to other animals, must bo effected by the nledium of 
this current; and it also fulfils a very important part in the propagation of the 
species. 

But although the imbibition and expulsion of water by the sponges has long been 
known, its cause long evaded the most persevering scrutiny of zoologists. By the 
older writers it was believe^ that the sponge possessed the power of sucking in the 
water through the huger orifices, and expelling it, after the lapse of a certain time, 
through the same openings by which it had penetrated its substance. Thus Linnaeus 
says — 1 ‘ Spongia foraminibus respirat aquain.” Dr. Grant, however, a good many 
years since showed that the currents were continuous, and in one direction, although 
he failed to ascertain the means by which the motion of the fluid was produced. The 
opinion generally entertained, and indeed the only one by which this phenomenon 
could be at all accounted for, attributed the production of the current to the action of 
cilia ; and this view has recently been confirmed by some interesting observations of 
Mr. Bowerbank’s, upon a very curious species of sponge, ‘the Grantia comprcssa 
(Fig. 17), not uncommon upon some parts of our coasts. 

This little sponge consists of a 
sort of white bag, formed of a thin 
spongy tissue, suspendcd ,J by a nar- 
row base, but exhibiting great 
variety in form. In its simplest 
state it is a small fusiform sac (a), 
with a single large opening at tho 
apex ; but when larger it acquires 
a more or loss triangular pentagonal 
or hexagonal form, with a large 
opening at each of the angles. The 
general surface, as in ajl sponges, 
is perforated with innumerable 
minute pores, through which tho 

Fig. 17. — Grantia compressa. *[ ator P asses the CO- 

vity, whence it is expelled through 

the larger openings. On cutting 
open this sponge, and examining fJ it with a magnifying power of about 500 diameters, 
Mr. Bowerbank found its inner surface to consist of a number of angular*celis, formed 
by tnradiate spicula, and terminated by a sort of perforated diaphragm, through which 
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the cilia could be seen in action. To obtain a transverse section of the substance of the 
sponge, be was compelled to tear it across os carefully as possible, and to c&amine the 
torn <glges, when bo found that a chamber extended from tbe diaphragm just mentioned 
to immediately within the incurrent orifices ; this was lined with tcsselatcd cells, many 
of which apparently bore very long ciliary organs, constantly waving to and fro, in 
spite of the rather rough treatment to which they had been subjected. The cells, when 
detached from the parent mass, still, in many cases, retain the organs by which this 
motion in the water is produced. In this state they bear a considerable resemblance to 
some infusorial animalcules furnished with a long filiform appendage. 

The propagation of the sponge is effected in varioiA ways. In some cases, little 
! ciliated genimnles are produced in the gelatinous Inass coating the fibres of the sponge ; 
; aiyl after a certain period, becoming detached from the parent, are borne out through 
! the large d!rifices by the action of the current already described. After this exclusion 
■ they swim about for some time, presenting a pretty close resemblance to some of the 
infusorial animalcules. But this life of freedoifi is not of very long duration ; the little 
gcmmulc selects its place of attachment, fixes itself, and gradually becomes developed 
i into a perfect sponge. 

In the Spof tff ilia, a somewhat different mode of reproduction occurs. Seed-like 
bodies are produced in the'substanco of the spohge, and always in the central or first- 
I formed portion. These, in their earliest stages, consist of several cells, merely united 
! together into a globular or ovoid mass, lying freely in cavities of the substance of the 
J sponge. By degrees this mass of cells acquires a more definite forijj, and becomes 
j enveloped in a capsule, on tho surface of which, after a time, a finer crust of silicious 
I spicula is developed (Fig. 18). 

i The spicula vary in form in the different species of Spongilla ; in that from which 
tho annexed figures arc derived, they 
arc arranged perpendicularly to tho 
surface of the capsule, and dilated at 
each end into a stellate disc (e) ; in 
others they have no such regular 
arrangement; they arc more or less 
curved and pointed, and cither smooth 
or spinous. 

Tlio cells (b) inclosed within this 
silicious crust also undergo a con- 
siderable change in their progress 
towards maturity ; they become nearly 
equal in size, and the granules con- 
tained in them (a), which originally 
resembled Jpie granules of the ordinary 
spongc-cell, acquire four or five times 
this size. Tho capsule and silicious 
crust always have a small opening (i), 
through which the contents of the 
sccd-likc body may escape. • 

When the cells arc pressed oift of the cavity of tjje capsule under water, they soon 
swell up and*burst ; the germs contained in them becoming gradually diffused over the 
bottom of tli e vessel in which they are kept. These germs arc of very minute size ; 
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Fig. 18.— Development of spongilla. 

a, germs from cell ; cell containing germs ; <7, spi- 
culum ; c y one of its terminal discs ; /, spicular 
crust ; y t capsule ; h 9 cells ; i, infundibular open- 
ing. 
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tljLe largest of them not measuring more than 1 -3000th of an inch in diameter. In 
form they present some resemblance to the corpuscles of the blood. In a few days the 
germs are found to have collected into separate groups, each inclosed in a mucilagjnous 
substance. From these germs active animalcules are produced, exactly resembling the 
cells of which the gelatinous substance of the mature sponge is composed, and possessing 
the same power of locomotion by the extension of different parts of the body, even in a 
greater degree. These creatures, in fact, exhibit considerable activity ; and during 
progression their bodies often assume the most fantastic forms. Their appetite also 
appears to be of the liiost voracious description. Of this Mr. Carter relates several 
curious instances ; in one case he “ saw one of those proteans approach a gelatinous 
body, something like a sluggish or deacl one of its own kind, and equal to itself in size ; 
and having lengthened itself out so as to encircle it, send processes over and under 
it from both sides, which, uniting with each other, at last ended in a completfe approxi- 
mation of the two opposite folds of the cell- wall, ^throughout their whole extent, and in 
the inclosurc of thd object within the dfuplicaturc. Even while the protean wa3 thus 
spreading out its substance into a mere film, to surround so large an object, a tubular 
prolongation was sent out by it in another direction, to seize and inclose in the same 
way a large germ which wan lying near it. After having secured both objects, the 
protean pursued its course rather more slowly than before, but still shooting out its 
dentiform processes with much activity. It took about three quarters of an hour to 
perform these two acts.” 

Not unfroqufcntly combats take place between two of these singular creatures, when, 
if the size of the combatants be nearly equal, they merely twist about for a short time 
and then separate ; hut if there be any great disparity in bulk, the larger one swallows 
up his antagonist without remorse. On one ' occasion Mr. Carter saw a large protean 
seize a small one with its fingcr-like processes, and pass it under its body, so that the 
little one lay between the body of its captor and the glass in wdiicli they were both 
inclosed. “ For a moment,” says Mr. Carter, “ the* small protean remained in this 
position, when the cell-wall raised itself f >ver it in the form of a dome, in w T hieh so- 
formed cavity tW little protean began to crawl round and round to seek for an exit ; 
gradually, however, llic cell-wall closed in beneath it in the manner of a sphincter, and 
! it was carried up, as it were, into the interior of the cell, securely inclosed in a globular 
i transparent cavity resembling a hyaline vesicle, but much larger.” 
j The gelatinous matter with which these groups of germs arc invested appears to he 
j identical with the intercellular substance of the mature sponge. After a time, threads 
of it begin to extend in straight lines on the surface of the glass, and connect the different 
masses of gcfhn-cclls. 

| The curious phenomena j u*t described — indicating a much higher degree of vital power 
than wc should at first sight be disposed to attribute to such an apparently inert mass 
as a sponge — arc^roduced in a somewhat artificial manner ; although there is every 
reason to believe that the same thing takes place naturally, and that at certain seasons 
| the waters inhabited by the Sj)oi?gill(V must swarm with germs escaped from their cells, 
j and only seeking a suitable support on which to be developed into sponges. But it 
1 appears that the sccd-likc bodies possess yet another mode of development ; for if one 
of them, when mature, ho placed in water, it attaches ^itself to tho surface of the vessel 
which contains it by means of a sid>slanec that issues through the opening in the capsule 
already mentioned. In this substance, when examined by the microscope* cells similar 
to fhpse existing in tho perfect sponge may be recognised, and the mass gradually 
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becomes developed into a compound creature resembling the parent from # wkich^it 
sprung. 

JLs might be expected from the structure of these animals, they manifest but little 
indication of any general sensibility. It has indeed been stated that a shock, by which 
the entire mass is simultaneously affected, «will produce a very distinct effect upon it. 
Thus it is said that if a piece of the Spongilla be allowed to fall into water from the 
height of a few inches, or otherwise exposed to the influence of a sudden shock, "the 
prominent portions in which the vents arc situated immediately contract very consi- 
derably, until the orifices arc nearly closed. Oth cr # observers have declared that 
although no movement of contraction may be yisible in a sponge, yet whci\ the hand 
is laid upon it under water a peculiar tingling sensation is felt — due, they suppose, to 
Soma movement in the individual particles constituting its mass. This is rendered 
more probable by the consideration of the structure of the gelatinous coating of the 
sponge as already described. 

Sponges grow attached to almost everything which may servB them as a point of 
support, whether fixed or floating ; some cover rocks, shells, and other submarine 
objects, with a close spongy incrustation ; whilst others shoot up a branched stem into 
the water ; and others again hang freely from the seaweeds floating in the ocean. 
Sometimes they select very unexpected objects on which to take up their abode. Thus, 
in ono case recorded by Dr. Johnston in his “ Natural Histoiy of British Sponges," a 
specimen of the Halichondria oculata , a sponge not uncommon on some parts of the 
British coasts, was found growing from the back of a small live ettib — “ a burden," 
says the learned Doctor, “apparently as disproportionate as was that of Atlas, — and yet 
the creature has been seemingly little inconvenienced with its arboreous excrescence ; 
for it is big with spawn in a state nearly ready for laying ! Indeed the protection and 
safety which the crab would derive from the sponge might more than compensate the 
hindrance thus opposed to its freedom and activity. When at rest its prey might 
seek without suspicion the shelter afforded amid the thick branches of the sponge, 
and become easy captives ; while, when in motion, scarce an enemy could recognize 
it undej; such a guise, and the boldest might be startled at the "sight of such a 
monster." 

Not the least wonderful circumstance connected with the history of the sponges is 
the power possessed by certain species of boring into substances, the hardness of which 
might be considered as a sufficient protection against such apparently contemptible 
foes. Shells, both living and dead, coral, and even solid rocks, are attacked by these 
humble destroyers, gradually broken up, and, no doubt, finally reduced to such a state 
as to render substances which would otherwise remain dead and useless ill the economy 
of nature available for the supply of the necessities of other living creatures. 

Theso boring sponges constitute the genus Cliana , and some allied genera. They 
are branched in their form, or consist of lobes united by delicate st^pis ; they all bury 
themselves in shells or other calcareous objects, preserving their communication with 
the water by means of perforations in the outer wall of* the shell. The mechanism by 
which a creature of so low a type of organization contrives to produce such remarkable 
effects is still doubtful, from the great difficulties which lie in the way of coming to 
any satisfactory conclusions uj>on the habits of an animal that works so completely 
in the dark as the Cliona — it will probably long remain so. Mi. Ilancock, to whom we 
are indebted for a valuable memoir upon the boring sponges, published in the “Annals 
and Magazine of Natural History," attributes their excavating power to tlie presence of 
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a multitude* of minute silicious crystalline particles adhering to the surface of the 
sponge ; these he supposes to be set in motion by some means analogous to ciliary 
action. In whatever way this action may be produced, however, there f can to no 
doubt that these sponges arc constantly and silently affecting the disintegration of 
submarine calcareous bodies — the shelly coverings, it may be, of animals far higher in 
organization than they ; nay, in many instances, they prove themselves formidable 
enemies even to living Mollusca, by boring completely through the shell. In this case 
the animal whoso domicile is so unceremoniously invaded, has no alternative but to 
raise a wall of, new shelly mrttcr between himself and his unwelcome guest; and in 
this manner generally succeeds at last in barring him out. : 

The sponges vary . exceedingly in form ; and oven the same species often assumes j 
shapes the most different without any apparent cause. The forms under which the j 
common sponge occur must be familiar to all our readers ; and we have already given | 
an example, in the Grantia comprcssa (Fig. l7), r of a very different and singular form. 
Other sponges arc arborescent, or at all events more or less branched, like the Halichon- j 
dria oculata (Fig. 18) ; whilst others are of a cup shape. J 

Sponges occur in all seas, from the equator to the poles ; hut it is in tropical climates j 
that they attain their greatest development, and exist in the greatest abundance. j 

I 

Class III. — Infusoria. \ 

i 

General C&aracters. — In passing from the consideration of the preceding classes 
to that of the present group, we are not called upon to witness any very great advance 
in organization. Nevertheless, tho differences between the two classes are all of a 
nature to show that the Infusoria certainly constitute a step in our progress towards 
the higher forms of animals. 

The microscopic creatures constituting this class consist, it is truo, of tho same 
granular gelatinous /natter, cr sarcode, which we have seen to constitute the entire 
substance of the JiJdzopoda ; but this ifo longer presents itself in the form of a mere 
mass of jelly : daeh animal appears to be inclosed in a membrane, or layer of matter of 
a firmer texture than*’ the rest of its substance ; and motion, which cannot be effected as 
in the preceding class by the . mere extension of portions of this substance in any 
desired direction, is n<\w produced by the action of special organs. These organs are 
of very various construction. In some families we meet with long, thread-like 
appendages, which the animal twitches about in the water. These brgans arc some- 
times single; in other instances the animal possesses two or more of them. From 
Ehrenberg they received the denomination of proboscis, although it does not appear 
that they are in any w#y concocted with the process of nutrition ; and this, with other 
opinions equally erroneous, published by tho great microscopist of Berlin in his works 
upon these animals, have been adopted, without inquiry, ^by the generalitynof subse- 
quent writers on natural history. 

The most usual mode in Which motion is effected in the Infusoria , is by means of 
cilia. The cilia arc fine lappets or hjiirs, which exist either scattered or arranged in 
regular series over the whole surface of the body, or arg collected in considerable num- 
bers round the orifice of the mouth. They arc moveablp *at the will of the creature, and 
serve, according to circumstances, dither as organs of locomotion, or for the production 
of whirlpools or eddies in the water, Jby means of which the minute particles on which 
the animal feeds ore brought within its reach. In some of the most highly organised 
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creatures of this class these ciliary hairs become converted into moveable bristles and 
hooks, by means of which the animal is enabled to crawl upon fixed objects in the 
watca, and oven to execute distinct leaps. 

One striking difference between the animals of the present and those of the preceding 
classes is, that whilst in the latter by far the greater part of the apimals are social in 
their habits, and in many cases seem almost to possess a sort of common existence, the 
Infusoria aro aggregated together in only a few instances, and generally consist merely 
j of a simple cell with its nucleus. Like the Rhizopoda , many of those animals arc pro- 
vided with a shell or shield ; this, however, is never of a calcareous nature, but gene- 
rally coriaceous or homy. In one family the animals are inclosed in siticious or flinty 
cases, of which great numbers arc tq be met with in a fossil state in the flints which 
occur* in such quantities in the chalk hills. 

Ehrenberg, and after him many zoologists who accepted both his facts and opinions 
without sufficiently examining into th*ir correctness, attributed to these minute organ- 
isms, which certainly stand in need of no llctitious interest to %-endcr their history 
attractive and wonderful, a structure much more complicated than that of many animals 
which staqd far higher in the scale of organization. IJy these naturalists wc arc given j 
to understand that a number of small clear spaces, which arc to be observed in the : 
substance of these creatures, arc in reality so many stomachs. Some slight difficulty 
attached to this view, however, as the most persevering researches failed in detecting 
any evidence of an intestinal canal uniting these cavities ; and like many other con- 
clusions at whicli Ehrenberg arrived rather too hastily, this opinion ofchis, with regard 
to the functions of the vacuoles, or clear spaces observed in the bodies of the Infusoria , 
has been disproved on more careful investigation. Tims these vacuoles are seen in 
many of these creatures to pass round and round the body, along with the rest of its 
contents, in a manner that renders the existence of the intestinal canal, by means of 
which they were supposed by Ehrenberg and his followers to be connected into one 
digestive system, an utter impossibility. They arc found, in fact* to consist simply of 
small globules of fluid ; they exist in those Iilfusoria which are destitute of a mouth, 
j as well a§ in those which possess that organ ; and they may be seen to disappear gra- 
! dually as the fluid which constitutes them is absorbed into the gelatinous mass of the 
j body. Ehrenberg, however, was so convinced of the existence of this alimentary 
- canal, and of the stomachal functions of the vacuoles, that he^ave the name of Tohj- 
■ gastrica , or many-stomached animals , to this class ; and even divided them into orders, 

; from the supposed structure of an intestine which no one has ever yet succeeded in 
discovering. 

The mode in which nutrition is effected in those Infusoria which possess a mouth 
will clearly show in what manneT this mistako has arisen. Tb^se creatures feed upon 
small microscopic animals and plants, and probably upon such minute particles of 
dccaying%nimal and vegetable matter as may be suspended in the jyater which they 
constantly inhabit. 

The mouth is situated either at the anterior extremity of the body, where it gene- 
rally forms a round opening, or at a greater or less distance from that extremity on the ■ 
ventral surface ; when in this position it is generally in the form of an oval or twisted 
slit. It is usually bounded by ciliated lips, capable of protrusion and retraction at the 
will of the animal ; so that the mouth is frequently W si bio only during the act of eating. 
The cavity of the mouth is continued into a short oesophagus, and both axe always 
clothed with delicate cilia. The minute particles of which the food consists qre col- 
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footed together by the action of tho stream produced by the cilia of the oesophagus, 
until they fo*m a small ball, which then passes through the end of the oesophagus into 
the yielding substance of tho body. But when imbedded in the parenchymar. these 
balls occupy no particular place, but, like the drops of fluid aliment, follow the general 
circulatory moven^ent of tho gelatinous mass. It will bo readily understood how tho 
imperfect pbservation of these facts led to the supposition that the minute balls of 
indigo or carmine, to be discerned within the bodies of Infusoria which had been fed 
upon these substances, were contained in permanent natural cavities, hollowed out for 
the reception of nutritive matter, and that tho clear spaces were similar cavities or 
stomachy which for some reason had not been charged with food ; but as wo find that 
these apparently vacant spaces not only disappear by the absorption of their fluid 
contents into the general substance of tho animal, but also that not unfrequentjy two 
or more of them will run together so as to form a single vacuole, we have pretty certain 
proof that they are not bounded by membranous walls, and that although there can be 
no doubt of the occurrence of the phenomena observed by Ehrcnberg, the inferences 
which ho drew from them, as to the complexity of the structure of these creatures, arc 
quite untenable. 

In these animals, as in the Mhizopoda , we find, in addition to the dark nucleus, one 
or several clear spaces which expand and contract alternately. These pulsating spaces 
are usually round, and sometimes exist in such numbers as to constitute a sort of long 
vessel. In other cases these spaces appear in the form of a star, of which sometimes 
the rays and sometimes the central space disappear during contraction. Although the 
pulsating spaces always occupy a determinate position, they appear to be quite destitute 
of membranous walls, a3 they may be seen during violent contraction to divide into 
two or more parts, which afterwards, during their expansion, again become confluent. 
It seems probable that we have, in those pulsating spaces, tho first rudiments of the 
circulating system which we shall see attain such a high development in many of the 
higher animals, — that fluids are collected in these vacuoles, and then driven again 
through the spongy substance of which^he body consists. Some naturalists have indeed 
supposed that they may have a communication, by means of some very delicate vessels, 
with tho water in which the animal swims, so that at each contraction fluids might be 
expelled from the body, whilst at each dilatation water would bo drawn in. This idea 
is, however, as yet wholly unsupported by observation, from which all that we can 
learn is, that contractile organs do exist in these creatures ; and this, when we consider 
their minute size, is in itself a circumstance which may well servo to 'excite our wonder. 

But when wo come to inquire into the means by which these minute creatures are 
propagated, \md into the processes by which, in a very short space of time, water, in which 
no trace of animal life was *o be discovered, becomes densely populated by them, we 
shall find our surprise and admiration greatly increased. It will be as well, however, 
to defer tho consideration of this subject till we come to treat of one oA the most 
interesting forms of these animals, the Vorticella , as this creature presents some of the 
most curious phenomena to bo witnessed in the animal kingdom. 

In many Infusoria , and indeed principally in the very lowest and most doubtful 
members of the class, a bright red spot is observable n$ar the anterior extremity. This 
has been described by Ehrcnberg as an eye ! But aprirt from the absurdity of attri- 
buting a distinct visual organ to rreaturcs which havo never for a moment been supposed 
to possess even a trace of a nervous system, the structure of these red spots has no 
resemblance whatever to that of an eye ; and as many of Ehrcnberg’s eyed animalcules 
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have since his time been found to be only the spores of aquatic plants, and it is very 
probable that others will share the same fate as soon as their development shall have 
been further investigated, this notion of the existence of eyes, in the Infusoria , must be 
added to the many other instances of unsupported assumption which have unfortunately 
rendered the persevering labours of that zoologist far less beneficial tp science than they i 
might otherwise have been. 

Most of these animals inhabit water ; a few exist as parasites in the bodies of otlfcr • 
animals. The aquatic species prefer clear to foul water, and are always to be met with 1 
in greatest profusion in places where Confervas and other forms? of aquatic vegetation j 
are abundant. They are produced in great abundanco in certain vegetable ^infusions ; 
when exposed to the air ; and this circumstance* discovered by Leeuwenhoek in 1676, j 
has always been regarded as one of the principal evidences in favour of the doctrine of > 
spontaneous generation — a doctrine which was at one time in considerable repute, and I 
which is not without its supporters evgn in the present day. According to this theory j 
an organic fundamental matter is everywhere distributed. Of this, ft was supposed, the ! 
organs of the higher animals and plants consisted ; and to this, if the theory were j 
correct, they would return on the death and consequent decay of the organism. It was 
further supposed that this fundamental organic matter pos^pssed the faculty of organiz- i 
ing itself, under the simultaneous influence of* air and moisture, so as to produce certain j 
determinate forms of plants and animals, especially moulds and Infusoria ; the animal j 
or vegetable nature of the resulting creature, as well as its specific form, being ; 
dependent, said the theory, upon external circumstances. What these external cir- I 
cumstances were, however, and in what manner their influence produced the infinite j 
variety of form observable in these lowly organisms, the theory was unable to say. It j 
was settled, however, that for the purpose of spontaneous generation three things were 
necessary — namely, the organic substance, water, and air. j 

Later investigations, nevertheless, soon showed that? there was somo flaw in this ! 
theory, specious as it might appear ; and although even our present knowledge is not j 
sufficient to enable us to account with certaftity, in all cases, for the appearance of j 
animals in infusions, and in the interior of other creatures, a very siiitpl6 experiment j 
will serve to demonstrate the falsity of the theory of spontaneous generation. If an ! 
infusion be boiled and placed in an air-tight vessel, living organisms are never produced j 
in it ; but as soon as it is opened, and exposed to the air, the same.crcatures are produced | 
in it as if it had never been boiled. It would appeal* from this that the access of air 
was the condition necessary for the spontaneous production of living organisms. But 
if the infusion be boiled in a flask to which ilo air can have access, except by passing 
through a vessel filled with sulphuric acid, or some other substance whioh, possessing 
no power of acting upon the air itself, is yet capable of d^troyiijg any organised bodies 
which might otherwise be borne in with the air, the apparatus may be allowed so stand 
for weekstor months, and the air contained in it constantly changed (Juring tho whole 
period without the production of a single animal. But when the similar contents of 
another flask are treated in exactly the same manner, except that the renewing of the air 
is effected merely through an empty tube, without the intervention of any corrosive sub- 
stance, the infusion is soon filled with microscopic creatures of all kinds. This experi- 
ment proves clearly that the pfbjluction of these minute organisms, in new situations, is 
due to their presence, or to that of their germs in»tho atmosphere, and that no new 
beings result from the mutual contact of organic matter, wator, and pure air. „ 

Minute as these creature utc, and some cf them are said not to exceed the I-20000th 
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of an 'inch, whilst 'the giants of their race arc not more than l-50th of an inch in 
length, they are not without their importance in the economy of the world. By their 
prodigious numbers they amply compensate for their want of size. Every drop of water 
on the face of the globe appears to contain them in greater or less profusion ; and this, 
coupled with thc^r great fecundity (for it has been calculated that the progeny of 
some animalcules would amount to upwards of two hundred and sixty-eight millions 
ill four weeks), may readily convince us of the vast quantity of food furnished by 
these creatures to others a little higher in the scale, which in their turn become the 
prey of larger animals. ^ j 

Onc fl of the many extraordinary facts, connected with the natural history of the 
Infusoria, ) is the power which many of these animals possess of retaining their vitality 
for a long time, when the water which they had been inhabiting has become djpied*np 
with the heat of summer. They will remain thus inclosed in the dry and hardened i 
mud, which frequently, as wc all know, becomes baked by the action of the sun into a ; 
condition in which the last thing we should suspect would be the presence of animal ‘ 
life, especially of such delicate organisms as these, until the return of wet weather j 
recalls them from their dormant state to activity and enjoyment; or they may be taken j 
up from the surface of the drying pool by the action of wind, and blown about in the j 
atmosphere until they meet with some moisture, in which they may bo developed, and j 
may propagate their species. It is probable, in fact, that much of the dust which we so j 
frequently sec floating, apparently in the beams of the summer sun, consists of either i 
the bodies or tkc germs of Infusoria . 

Divisions. — The classification of the Infusoria presents considerable difficulty, 
partly arising from their excessive minuteness, which renders the assistance of our 
best microscopes necessary to enable us oven to see many of them, and partly from the 
impossibility of avoiding confusion from the intermixture of the germs of more highly 
organised animals, and sorne^lants in various stages of development. 

The class of Infusoria , as circumscribed by Ehrcnberg in his “ Infusion&thierehen” 
published in 1838, included a curkhis mixture of heterogeneous elements. It was 
divided into two great groups, the Polygastrica and the Rotifer a, with the lattpr of which 
we have nothing to do here ; the animals composing it belonging to a far higher type of 
organization. But even in the Polygastrica , a vast number of species, and especially 
tho whole families of *Closterina f Bacillaria , and Volvocina , are found to be true plants ; 
and after the rejection of these wc find a considerable quantity of creatures, in which 
the possession of a moveable filiform appendage, and the existence of a red spot, are the 
only characters, on account of which they can be referred to the animal kindom. Many 
of these have been already found to be truly the active germs of Conferva ; and it is 
probable that more <extcn<k?d investigations will, before long, show that many, about 
which we are still doubtful, are also to be referred to the vegetable kingdom. These 
species belong^to Ehrcnberg’ s families Monadina and Cryptomonadina. "Lastly, his 
family Vibrionina , including the well known eels of paste and vinegar, must be rejected 
altogether, as it includes a heterogeneous assemblage of microscopic plants and embryonic 
forms of worms. After the separation of these, the animals still referable to the class 
of Infusoria are sufficiently numerous and interesting. They may be divided into two 
orders, characterized by the presence or absence of a < mouth in the animals composing 
them. 

The first order, the Astomata , or mouthless Infusoria , includes all those' in which the 
mouth is wanting. They appear to be nourished entirely by the absozption of fluid 
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Fig. 19! — F.itglcna viridis, 350 diameter in vari- 
ous states of contraction. 




matter through thair outer surface, and have never been seen to take solid food. The; 

! first family of this order, the Astasidtv, is distinguished by an extremely contractile 
body, generally of a green or red colour ; most of them possess one or two red points. 
The animals belonging to one of the genera of this family ( Englena , Fig. 19), which arc 

generally of a green or, red colour, fre- 
CX n I A quently cause the water they inhabit to 

\ ^ 7*1 | A appear of one of these colours, in consequence 

J (v^MS Irrl of their sudden appearance in myriads. It is 

\ vTOil not improbably howeter, that some of the 

7 \ S creatures included in this group mgy prove 

Vl # to be vegetable organisms. 

... The family Dinobryidm very closely re- 

ous states of contraction. scmblcs the preceding ; but tho animalcules 

• of which* it is composed arc furnished with 
a homy case, within which they can retract themselves at pleasure.* 

In another family, the Veridinidm , the animals arc also furnished with a homy or 
silicious shell or carapace; but in these tho shell has a transverse or oblique slit 
(Fig. 20) furnished with a ♦ 

circlet of cilia ; it is also fre- 

quently produced into very /fy? I 

remarkable hom-like pro- f ^ ©/filifev nHjv J 

cesses. Motion in these ani- | j 

mala is effected not only by I® &Jgk ff 

means of these cilia, but also ]) J) CO 

by the aid of a filiform ap- fill < 

pendage, which can be pro- 

traded from a particular spot ^ 

in the carapace. The sili- t/ . ujfj 

cious coats of these creatures t/y * M rnj 

are found ^in great profusion // /{ * JJ/J 

in tho flints of our chalk hills. fj & * Jfy 

The fourth family of the ^ 

astomatous Infusoria, the # 

ftA „ e ! ofo riff* 20.— Pcridinium, 300 diameter. I 

OpaUnidtz, consists entirely Filiform appendage. b, carapace, c, fringe of cilia. 

of animals which have hither- 
to only been found living as parasites in the intestines of frogs and of some worms. The 
bodies of these creatures are colourless, and of a perfectly glassy transparency, so that I 
their structure may be studied with the greatest ease ; and,there pan be no doubt as to 
the complete absence of anything like a buccal orifice. Their motions arc effected 
entirely bemoans of cilia, which are arranged in oblique lines upon^ their flat oval 
bodies. 

From these simple creatures we turn now to the consideration of the far more j 
numerous and interesting forms of Infusorial animalcules, in which the presence of a j 
mouth indicates a higher degree of organization and a more extended sjdierc of action. 
They form tho order Stomatoda. * The first family of this order, the Monadida, consists 
of roundish or oval animalcules, whose minute size renders their examination difficult 
even with otfi* very best glasses. Their motions are generally producod by means cf 
filiform appendages, of which each animal possesses one or moro. Some of £hem 


Fiff. 20. — Peridinium, 300 diameter. 

«, Filiform appendage, b, carapace, c, fringe of cilia. 
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measure only 1 -20000th of an inch in length ; and it has been calculated that a cupful 
'Of water may easily contain a number of these animalcules considerably larger than that 
of the entire human population of the earth. Such an assertion as this may W4 11 raise 
our astonishment to the highest pitch, when we consider that each of these living 
atoms possesses ^ mouth well furnished with cilia, through which it is able to intro- 
duce into its substance particles of solid matter of a size so small that, until collected 
by these little creatures, our highest magnifying powers will fail to reveal their 
existence. 

We now come tc*a family which includes some of the most beautiful of the infuso- 
rial anpnalcitles, and in which we meet with phenomena more curious than any wo 
have yet witnessed, and perhaps as wonderful 9 as any that will bo presented to our 
notice, when studying the natural history of the higher classes of animals. Th\p is*tlio 
family of the Vorticellida , or bell-animalcules. The animals of which it is composed 
are characterized by the possession of a fringe of rather long cilia, surrounding the 
anterior extremity, which can be exserled and drawn in at the pleasure of the creature ; 
by the vibration of these cilia the little animal, which usually has somewhat the 
appearance of a miniature wine-glass supported upon a very long stalk, can produce 
a sort of vortex in the water, by which smaller animals and minute floating particles 
of alimentary matter are drawn into the mouth. Some of these little creatures are 
furnished with a horny case for the protection of their delicate bodies, whilst others 
are quite naked. 

The genus * Vorticella, from which the name given to the family is derived, consists 
of animals of the latter description. Each of those little creatures is placed at the top 
of along flexible stalk, tbc other extremity of which is attached to some object, such 
as the stem or leaves of an aquatic plant. This stem, slender as it is, is nevertheless a 
hollow tube, through the entire length of which runs a muscular thread of still more 
minute diameter. When in activity, and secure from danger, the little Vorticella 
stretches his stalk £o the utmost, whilst its fringe of cilia is constantly drawing to its 
mouth any luckless animalcule that "may come withiu the influence of the vortex it 
creates ; hut at the least alarm the cilia vanish, and the stalk, with the rapidity of 
lightning, draws ilself up into a little spiral coil. Hut the Vorticella is not wholly 
condemned to pass a sort of vegetable existence, rooted, as it were, to a single spot by 
its slender stalk ; it? Creator lias foreseen] tbe probable arrival of a period in its exis- 
tence when the power of locomotion would become necessary, and this necessity is 
provided for in a manner calculated to excite our highest admiratioh. At the lower 
extremity of the body of the animal, at tho point of its junction with the stalk, a new 
fringe of cilia is developed ; and when this is fully formed the Vorticella quits its stalk, 
and casts itself freety upon its world of waters. The development of this locomotive 
fringe of cilia, and tho subsequent acquisition of the power of swimming by the Vor- 
ticella, is generally connected with the propagation of the species, which, in this 
and some of the allied genera, presents a series of most curious and complicated 
phenomena. * 

In these, as in all other Infusoria , the simplest mode ]in which propagation is 
effected, is by the division of the individuaHnto two or more parts. This division, os 
we have already stated when speaking of the Protqfba in general, commences in the 
nucleus, which, in the Vorticeilm , is of a band-like form. Before and during this 
division of the nucleus the body of the creature acquires a considSrable increase 
in .breadth. A constriction afterwards makes its appearance in the middle, which, 
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continually increasing in depth, at last divides the body of the animal info two ^ 
halves, each of which is now found to constitute a* perfect Voriicella. ’Only one 
of the&ig, however, is to remain in quiet possession of the original stalk ; the other, 
consequently, develops a fringe of cilia at its lower extremity, detaches itself, and 
swims away to seek a new home. Having fixed upon a convenient spqt for its purpose, 
it attaches itself, by the hinder part of its body, to the place it has selected ; jtho cilia 
then disappear, and a new stalk is gradually developed, until the new animal exactly 
resembles that from which it sprang. 

The Vorticclla also possess another moans of propagation which is denied to all the 
other Infusoria , with the exception of a few nearly alliel genera, although wc shall 
meet with it again in other classes of ^animals. This mode of reproduction is called 
gemination. It consists in tlic production of a sort of bud, which gradually acquires the 
form and stfucture'of the perfect animal. In the Yoriieellte , these buds, when mature, 
quit the parent stem after developing a.circlet of cilia at the lower extremity, and fix 
themselves in a new habitation in exactly the saine manner as the individuals produced 
by the division of the bell. 

It might be thought that animals endowed by nature with the power of increasing 
their numbers by the continual division of their very substance, would stand in no need 
of any further provision for tko continuance of their species ; that these means of 
reproduction would amply suffice to enable them to fulfil the scriptural injunction to 
“increase and multiply, and replenish the earth.” \Ye find, however, that other and 
more complicated contrivances are employed for the same end ; so that wc need not 
wonder at the great rapidity with which these creatures multiply in situations favour- 
able to their development. 

At an earlier or later period of their existence, the Voriieellce withdraw the disc 
surrounded by cilia which 
forms the anterior portion 
of their bodies ; and con- 
tracting themselves into a 
ball, secrete a gelatinous 
covering which gradually 
solidifies, and forms a sort of 
capsule, within which the 
animal is completely in- 
closed. Occasionally, this 
process, by which the Vorti- 
cell(c is said to become cn n gsted , takes place, whilst the creature is still attached to its 
stalk ; but more commonly the circlet of cilia, already mentioned, i.^ first developed at the 
posterior portion of its body, and the Voriicella becomes encysted whilst swimming 
freely thresh the water. Even when the animalcule undergoes this^change, whilst 
still supported on the stalk, the latter soon disappears, leaving the encysted Vorticclla 
free. 

The body of the animal (Fig. 21, 1) now appears almost homogeneous in its structure* 

# but still contains tbo nucleus unchanged, and also incloses a small round cavity 
filled with fluid, which represent the contractile space of the original Vorticclla , but 
no longer exhibits the pulsations characteristic of that* organ in the active animal. At 
this point th<? history of the creature becomes still piorc complicated. Sometimes its 
f trthcr progress commcnces'by the breaking up of the nucleus into a number of minute 
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Fig*. 21. Development of Vurticella. 
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oval di£cs (Fig. 21, 2), which swim about in the thin gelatinous mass into which the 
substance o'f the parent has become dissolved. The body of the parent animal inclosed 
within the cyst now becomes apparently divided into separate little sacs o?j bags 
(Fig. 21, 3), some of which gradually acquire a considerable increase in size, and at length 
break through the walls of the cyst. After a time one of these projections of the 
internal substance bursts at the apex ; and through the opening thus formed -the 
g6latinous contents of the cyst, with the included embryos, are suddenly shot out into 
the water (Fig. 21, 4), there to become diffused, and givo rise to a new generation of 
Vorticelhc. 

But this is*bnly one of the phases of the development of these encysted Vorticdlee ; 
another and a still more remarkable "0110 remains behind. In other cases, instead of 
producing a number of little ac- 
tive embryos in its interior, the 
encysted Vorticella extends 
sometimes in one direction, some- 
times in another (Fig. 22, 1), at the 
same time protruding from all 
parts of its surface a number of 
i slender filamonts, terminated by 
minute knobs, similar to the pro- 
cesses by means of which wo 
have seen motion produced in 
the Itliyzopoda. Sometimes a 
portion of the creature is thrust 
out, so as to form a new stalk 
(Fig. 22, 2), by which it attaches 
itself to objects in the water. Fig. 22.— Acin&ta-fornu of Vorticella. 

These reproductive forms of ^ nucleus ; b t young 1 Vorticella; c, retracted rrttrior 
the I orticellco have long been cilfti; a, contractile space ; c t posterior ciliary fringe, 
known to microscopic ob- 
servers, and several? of them were described by Elircnbcrg as belonging to very 
various genera. From the name Acimta , given by that author to one of these genera, 
they arc now denominated the Acineta-forms. Two of them are represented in 
Fig. 22 ; the first closely resembles the Actinophrys sol of Ehrenberg ; and the 
second is described by him under the name of Todoplirys Jixa . Both these, however, 
arc only forms of one species, the Vorticella microstoma of Ehrenberg. 

But the ^final object of this singular metamorphosis still remains to be described. 
The nucleus, which at the change of the encysted animalcule into the Acineta-form 
was still distinctly observable, becomes entirely and altogether converted into an active 
young Vorticella (Fig. 22, 2 b and 3), acquiring an ovate form, with a circlet ofcilin round 
its narrower extremity, and presenting, at the opposite end, a distinct mouth. 
Within this young animal, whilst still inclosed in the body of its parent, wc see a 
distinct nucleus and the usual contractile space of the full grown creature. 
When mature, the offspring tears its way through the membranes inclosing the Acineta, 
which however immediately closes again. The latter continues protruding and retract- 
ing its filaments, and soon produpes, in its interior, a new nucleus, which, in its turn, 
becomes metamorphosed into a young Vorticella. 

. The same faculty of inclosing themselves in a cyst appears to be made use of by the 
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Vorticella as a means of self-preservation when the water in which they havb been ^ 
residing dries up. When the animal is thus encased, the mud of the bottom of the 
pool mjy bo baked quite hard in the sun without doing it the least injury ; and in this 
state the creatures are often taken up by the wind with the dust which it raises from 
the surface of the parched ground, and borne along to great distances, so as to makp 
their appearance in most unexpected localities (they are frequently found in roof 
gutters), where the first shower of rain calls them back to active life. These processes 
are repeated in se veral of the allied genera with so little variation, as far as observations 
have hitherto shown, that it will be unnecessary to mention them more particularly 
We may, however, before quitting this interesting family, describe a few t>f thc^lcading 
forms which it presents to our notice. * 

.We have already seen that each Vorticella is supported upon a flexible stalk ; and 
that wfion d bud_is produced from any part of the animal, it is cast off by its parent to 
shift for itself as soon as the organs nccqssary for it^ separate existence are developed. 
This character serves to distinguish tho true Vofticellce from the othdr members of the 
family ; in which, however, we meet with considerable diversity of form. Thus in 
the genus Carchesium the stalks are still flexible, and, as in the Vorticella , coil them- 
selves up in an instant at the slightest alarm ; but each m^in stalk, instead of being 
surmounted only by a single bell, bears several* branches equally irritable with itself, 
and each terminating with a separate, and, to a certain extent, independent animal. 
In the Epistylis mituns the stem is also branched ; but here, instead of a flexible con- 
tractile filament, we find a stiff bristle-like tube, at the extremity of which the creature 
is situated. During its contraction it turns back with a sudden jerk, and hangs down 
from the stalk as if broken. 

In another curious genus 
( Ophrydium , Fig. 23), the 
animals, instead of being 
supported freely upon a 
stalk, are imbedded in the 
substance of a gelatinous 
mass, from the surface of 
which the anterior extremity 
of each animal projects more 
or less. The gelatinous 
masses, in 'which the animal- 
cules arc thus imbedded, 
may he met with of all sizes, 
from that of a pea to that of 
a small apple. 

In somp, nearly allied 
species forming the genus 
Yaginicola (Fig. 24), the 
body of each animal is in- 
closed in a separate minute 
horny sheath, within which 
it can retract at pleasure. 

In the Sftntor, or Trumpet an'ma'cu e (Fig. 25), ,which is also generally referred tp 
this family, the' animal doc3 not consist exactly of a bell supported upon a distin ct 
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8 talk; fta body is of a trumpet-shape, and adheres to its point of attachment by its 



Fig. 24. — Vnpinicola Crystallina'.' Fig. 25.— Stentor Mulleri. 

350 diameter. 75 diameter* 

smaller extremity. The body ia these animals is entirely covered with cilia, and the 
creature generally possesses the power of retracting the elongated tail-like portion 
by which it attaches itself to other objects, and swimming away in search of a new 
habitation. Lastly, the Trichodincc, or Urnanimalcules^ are never attached to a stalk, 
but generally swim about freely by means of the cilia with which the extremities of 
their bodies are fringed. 

The remaining families of the 1 Infusoria present us with few points of interest at all 
comparable to those e xhi bited in the history of the Porticcllida, although even iu these 
many curious and interesting forms occjir. They may be divided into two great fami- 
lies— the Trichadida and the JSctifera. The former of these contains all the mouth- 
bearing I nfus oria not belonging to either of the preceding families, in which.motion is 
entirely produced by the agency of cilia \ whilst the animals included in the second 
possess, besides these, bristles or hooks adapted for climbing or creeping upon aquatic 
plants. 

j^Thc nnimnlg forming the first of these families exhibit a great diversity of form and 
structure. In some the surface of the body is naked, and the cilia are confined to the 
anterior extremity of the body, where they form a circlet surrounding the mouth. 
They constitute the sub-family Enchelina. In these, the opening through which the 
fmcal matters arc rejected is Situated at tho hinder extremity ; whilst in the Vorticelfa , 
to which they present the greatest resemblance, the remains of the food arc cast out, 
cither through the mouth itself, or by an opening in the immediate neighbourhood of 
tho mouth. The anterior potion of the body is sometimes produced into a long flexible 
neck, which the ard mn l twists about in every direction, and which appears to serve, in 
some respects, as an aid in its motions. 

A second sub-family, the Trachelina , is distinguished^by having the whole or greater 
part of tho body covered with fine cilia, generally arranged in longitudinal series, of 
which those surrounding the mouth are a little longer than tho rest. The qnal opening 
is variable in its situation. The Paramecium is an example of this group* * 
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In a third group we meet with a very singular apparatus, consisting of a cylinder 
of fine homy fibres, which sur- 
roimdsctho mouth (Fig. 26 a). The 

food of the animal is seized by this y, 

apparatus, and drawn gradually into Tr\ 

the oesophagus ; an animalcule is LA ' 

represented in this position at b in dmjmL 

the annexed figure. These form ,'Bh 9 Ifif ^ 

the sub-family Nassulina. I % 

In the last great family, the 11 ' t?'/ till | ° 'Ik ’ft 

Setifera, we meet with a very sin- 111 f|/ * \\\l 

gular modification of the ciliary n; I Iff \\\| 

structure. *'ln addition to the cilia, W ! f| IjJ'-* 

which, as usual, surround the J! t! a ) m 

mouth, the ventral surface, in these * V 

creatures, is furnished with a num- ' S; 

ber of bristles or hooks, by means 

of which they arc enabled to run 

or creep upon fixed objects in the Fi S* 2C.-Cliifcdon Cucullus. 

water. 

Before quitting the consideration of the Protozoa, we must refer to a curious group 
of minute parasitic creatures which appear to ho more nearly allied tq the Infusoria 
than to any other class in the animal kingdom. Those microscopic parasites, called 
Gregarincc , arc found in a situation where, probably, few of our readers would dream of 
seeking for such creatures. They inhabit the intestines of the common garden worms, 
insects, and many other members of the articulate division of animals, and arc hut 
rarely to he met with in animals of any other group. These animals are generally of 
a cylindrical or somewhat elliptical form, although sometimes a sort of head appears 
to ho produced by the constriction of the antci-Ior extremity of the body [c d), and 
this hcad-liko portion is occasionally furnished with a curipus soft process and lobes. 
The body, in all cases, however, consists entirely of a sort of transparent homogeneous 
cell, containing an albuminous fluid, in which a nucleus and a number of minute 
granules may he observed. They arc exceedingly sluggish in their movements, which 
arc effected by the contraction of the body, although a few possess true cilia, and 
others are furnished with stiffcv immoveable hairs. 

Curious as the habitation selected by these creatures may appear, we shall find 
something still more singular in the method appointed by the Creator for the continuance 
of the race of these simple cells. It had long been known to naturalists that many 
Gregarincc consisted only of a single cell, whilst others appeared to he composed of two 
separate complete cells, each containing a nucleus. Upon this character, and the differences 
in the forms of tho cell§ thus united, many genera, and even families, have been esta- 
blished amongst the Gregarincc , — the authors describing these various forms no doubt 
building high and flattering hopes of immortal reputation upon their microscopic 
labours. But more recent observers have ruthlessly dashed these hopes to the ground, 
by showing that these double Cells, with all their diversity of form, only represent 
different stages in tho history of the propagation of tj}e simple animals. The mode of 
reproduction Vhich prevails here is ono which we sljall meet with in no other group 6f 
animals; although something very analogous takes place in some low forms of plants. 
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It is effected in the following manner : — Two Gregarime become united by some part of 
’their bodies, and cling together so firmly that their separation appears to be impossible. 
By degrees they lose their original form, until at length they constitute an ova}j massy 
slightly constricted in the middle, but still divided into two distinct cells by a transverse 
partition. How a transparent capsule is formed round the compound body, whilst the 
two nuclei, which* have hitherto retained their original appearance, gradually disappear, 
ar.d the bodies of the animals become converted into a number of granules. The 
process of development continues within the capsule ; the granules, or germs, become 
smaller and more nuiperous ; the partition between the two cells finally disappears ; and 
the mature saa either passes Entire from the body of the animal in which it is contained, 
or bursting within its intestine, allots the numerous germs to bo evacuated at once. 

So far careful and patient investigations have traced the history of these minute 
parasites ; hut the ulterior development of the germs, and the mode in which the young 
Gregartnao again find admittance into the bodies of their destined victims, arc still 
enveloped in mystery. 


Division TT. — Eadiata. 

General Characters. — The animals arranged under this second division of the 
animal kingdom, are generally distinguished by tins radiate form of their bodies, — that 
is to say, all the parts of which the creature is composed arc arranged circulaily round 
a common centre. In some instances, however, this radiate arrangement of the organs 
is not readily recognizable, although in other respects the animals approach the true 
radiate forms so closely, that it is difficult to place them in any other position. 

In complexity of structure some of tlic lower forms of Radiata scarcely seem to 
exceed the simple creatures belonging to the preceding division, consisting of a mere 
hag or digestive cavity furnished with p fcv. r tontaciilu or feelers. Still, even in these, an 
advance! in orgjpiization is perceptible ; for ai though the substance! of which they arc 
composed appears to, differ but little from the sarcode of the Protozoa, they van never, 
like these, be regarded as mere aggregations of cedis, each capable} of a separate and 
independent existence. But as we advance from these low forms towards the higher 
classes, wc finel the c (Implication of structure constantly on the increase : instead of a 
membranous hag, either side of which will serve equally well as a skin or a stomach, 
wc soon find a marked distinction between the outer coat and the membrane lining the 
digestive cavity; and this goes on increasing until in the highest forms (some star-fishes 
and sea-urchins) , the former consists of a most complicated mosaic of calcareous plates, 
and the latter become^ converted into a long convoluted intestine, furnished sometimes 
with a very curious masticating apparatus in the mouth, and with an anal opening for 
the discharge of the refuse of digestion. The other organs of the body also partake of 
the same advancement : a neyvous and circulatory system, and a complicated system of 
locomotive organs, gradually make their appearance ; singular organs, supposed to bo 
organs of sense, occur in some forms; and the function of reproduction, which in the 
lower forms appears to he principally executed by a plqnt-liko budding and division of 
the parental substance, is at last confined to certain organs exclusively appropriated to 
that purpose. *' 

The nervous system, when present, is still very imperfect, and almost rudimentary ; 
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it partakes of the radiate arrangement of the body ; and in its most perfect condition 
consists of a ring of ganglia surrounding the mouth, and giving off nervous filaments t<# 
each of the segments of which the body is composed. The organs which have been 
regarded as special organs of sense, occur by no mama universally; they will be 
noticed in treating of the groups iu which they nrc met with. A system of vessels 
exists in many of these animals ; but it is only in the highest class that we find a dis- 
tinct circulatory system, with a sac-like heart for the propulsion of the nutritive fit^d. 
In these also the function of respiration is sometimes assisted by a system of aquiferous 
vessels, wliich serve to conduct the water to different parts of the body ; but this is the 
only trace of any special respiratory apparatus in the anirials under consideration. In 
the majority, respiration appears to be effected by the simple contact of the surface of 
the animal with the circumambient fluid. The functions of reproduction and loco- 
motioh aro performed iu such very different modes i±L the different classes, that it will 
be as well to leave their consideration till we 90200 to treat of these subordinate 
divisions. # , 

A faculty which is possessed by most of the Kadiata is that of omitting phos- 
phorescence in the dark, especially when irritated or disturbed. Although they have 
this power in common w r ith some other groups of animals, it is to the gelatinous free- 
swimming creatures of this class that the phenomenon, well known as the luminosity 
of the sea, is principally to be attributed. This phenomenon, the occurrence of which 
is by no means uncommon on our own coasts in calm weather, is exhibited in the 
greatest splendour in the seas of warm climates. The whole surface of the ocean is 
there suffused with a pale light, which acquires the greatest brilliancy *when the water 
is in any way disturbed. The passing ship leaves a brilliant illumination in its wake ; 
the waves, in their gentle hearings, break into sparks and flashes of light ; the oars of 
moving boats are seen dripping with living jewels when taken out of the water, and 
each stroke produces a sparkling streak. This general luminosity is due to innumerable 
minute animals, amongst which larger and more brilliant species may be seen swimming 
in splendour, some like balls of living fire, otlyrs like waving bflntls of flame. The 
majority of these creatures belong to this division, and principally j;o the class of 
Discoj/Uoripy well known to most of us as Medusae or jelly-fishes, tn some localities the 
Xoctilnca , a singular little animal belonging to tlio class of Siphonophora , also plays an 
important part in the production of this phenomenon. The phosph orosccnce is suppose! 
to be produced by the slimy fluid with which the bodies of these* animals arc generally 
endued, and in which the urticating properties possessed by many of them also ajjpear 
to reside. 

Divisions. — The Radiata may be divided into five classes ; but their classification, 
in spite of the great attention which has lately been paid to them, still remains involved 
in considerable uncertainty. The first class, containing tile pohfpcs (Polypi), consists 
of animals of a more or less cylindrical form, which arc generally attached by' one 
extremity 5> some solid submarine substance, and furnished at the oth^r w ith an oral 
opening surrounded by r tentacles. Most of these arc compound animals, constructing a 
common homy or calcareous domicile ; each polype inhabiting a separate cell, within 
which it can contract itself at pleasure;. 

The second class, the Disco^hora, includes the animals well known as jelly-fish. 
They consist of a more or loss convex disc or umbrella (Pig. 27), at the centre of the 
lower surfaoe of which the mouth is situated, generally surrounded by four arms. The 
animals swim freely in the water by the alternate* contraction and expansion of the 
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disc, the circumference of which is generally furnished with filiform tentacles of great 



extensibility. The body is naked, gela- 
tinous, and transparent. u. 

The animals constituting the third class, 
the Ctenofhora, are, like the preceding, 
of a gelatinous consistency and glassy 
transparency ; but the body, instead of 
being discoid, is generally more or less 
ovate in its form (Fig. 28), and the animals 
swim by the action of a number of cilia 
arranged in rows upon their surface. The 
mouth is situated at the anterior extremity 
of the body ; and at the opposite end there 
is an anal opening. Most of them possess 
a pair of extremely extensible filiform ten- 
tacles, which are generally concealed, 
when not in action, in small cavities formed 
in the substance of the body. 

The fourth class, the SinioxopiioRA, 
is composed of creatures, the structure of 
which is still in many cases but little 
known. Like the animals of the two 
preceding classes, they swim freely in 


rip. 27. — Pelagia. the sea, and their bodies are also gela- 

tinous and transparent ; tlioy arc generally 
furnished with a peculiar cartilaginous support, and with closed air-bladders, which 
serve asfloats to maintain them at the surface of the ocean. 

In the fifth and last class, the Echin odeum a ta, wc find the 
most highly organized forms of liadiata . These possess a 
coriaceous skin* in which a deposit of calcareous matter takes 
place, often to such an extent as to form a shell inclosing all 
^ie soft parts of the animal. They generally creep along the 
bottom of the water, by means of a great number of tubular 
suckers, which can be protruded at pleasure through openings 
left in the plates of which the calcareous covering is composed. 

The radiate arrangement of the i)arts is perhaps more distinctly 
recognizably in some of these animals (the common star-fish, for 
example) than in any other members of this division \ it is in 
these only that any trace of a nervous system has been dis- 
covered. 

Ci.ass I. — Polypi. 

Geneva! Characters. — Tlic class of Polypi includes a great number of animals, 
most of which are of very simple construction. They are all aquatic in their mode of 
life ; and by far the greater number inhabit the sea, «a very few only being found in 
fresh water. Most of them*livc in societies of greater or less extent, supported on a 
common stock, or polypidom , which is sometimes homy, sometimes calcareous. The 
little creatures are cither imbedded'in cavities, formed immediately in the substance of 



Fig. 28.— Cydippo. 

a a , tentacula ; b 9 mouth ; 
r, anal opening. 
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this support, or in a sort of flesh, which sometimes incrusts it, or inclosed (as* in the, 
horny polypidoms) in minute cups or tubes, from which the body can be protruded- at 
pleosifre, and again retracted at the approach of danger, or during repose. These social 
polypes are always of small size, although the structures produced by the united labours 
of successive multitudes are often sufficient to produce important changes in the face of 
nature. Many of the solitary species, however, attain a considerable magnitude. 

The bodies of these animals are generally cylindrical in form, with a fringe of 
tentacles , , or arms, frequently consisting of a considerable number, surrounding the 
anterior extremity, in the centre of which the mouth is ^ituated. The mouth is tho 
only aperture of the digestive cavity; it is quite destitute of any masticating ap- 
paratus. 

* The skin in the compound polypes, which arc able to retract themselves into firm 
cells or tubes, is exceedingly soft and tender ; but in the solitary species it frequently 
acquires a leathery consistence, forming a closed sac, within which the more delicate 
tentacles can be retracted at pleasure. In many cases the skin Contains urticating 
organs, consisting of minute transparent vesicles, from which long spiral threads and a 
caustic fluid arc emitted, which cause a stinging sensation on coming in contact with 
the skin. 

Reproduction takes place in these animals both by means of ova, and by germina- 
tion or budding. The sexes are always united in the same individual. 

Divisions. — The Polypes are commonly divided into three orders. In the first, the 
Hydroida , the animals are generally compound, and invested with a horny tubular polypi- 
dom; the digestive cavity is excavated in the substance of the body without any proper 
lining membrane ; and the reproductive organs are always external. In the second order, 
the Asteroida , the polypes arc always compound ; the mouth is surrounded by eight 
tentacles ; the digestive cavity is lined with a membrane, and the ovules are produced 
in the interior of the animal. The polypes in this order arc imbedded in a more or 
less fleshy mass, which is generally supported on a horny or calcareous axis. The 
polypes of the third order, the Jleliantkoida , are* single, and either possessed of a certain 
power of Jocomotion, or imbedded in a calcareous polypidom. The mouth is generally 
surrounded by a great number of tubular tentacles ; the stomach is furnished with a 
distinct lining, and the ovaries are internal. 

Order I. — Hydroida. 

General Characters.— It is in the polypes of this order that we find the nearest 
approach to the preceding division. The body in these generally consists of a homoge- 
neous aggregation of visiculor granules, held together by a sort of glairy«intcrcellular 
substance, and capable of great extension and contraction » so tl^it the creature can at 
pleasure assume a great variety of forms, extending its body and tentacles until the 
latter bcfl&me so fine as to be almost invisible?, and again retracting itself until it 
acquires the appearance of a small gelatinous mass. The tentacula which surround 
the anterior extremity are irregular in number ; they tire capable of extension to a 
very great length when seeking for prey ; and on coming in contact with any object 
floating through the water, they immediately twine round it, and convey it to the 
mouth. In somo genera the tqntaclcs appear to be tubular, the internal cavity being 
continuous with that of the stomach. To assist i« the capture of living prey, their 
surface is commonly roughened with a scries of granules, which in some cases contain 
a curious poisonous or urticating apparatus. Tho mouth, which is situated m the 
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centre of the circle of tentacles leads directly into a simple digestive cavity, whichis 
not lined with any membrane. 

By far the greater number of these animals live in societies of greater or less 
extent, supported on, and protected by, branched homy polypidoms. These are often 
exceedingly elegant in their form, and many of them are familiar to every sea-side 
visitor — by whom, however, they are generally regarded as sea-weeds. They consist 
o! continuous homy tubes, gcnorally with a jointed appearance, and bearing the little 
cup-like cells occupied by the individual polypes along the sides and at the extremities 
of the stem and branches. 0 The cells communicate by a perforation at the bottom, 

# with the general tubular structure of the poly- 
^ f , pidom, which is filled with a substance appa- 

rcntly very analogous to that of whi^h the 
# polypes are composed, and serving as a sort of 
// ^ViK S N' s * # commor bond of union between the many in- 

\W ' dividual animals occupying the same stock. 

This common medullary pulp, as it is called, 
c may in fact be regarded as the most important 
portion of the compound polype; for it is by 
ySSff the increase of this that the polypidom con- 

W( tinucs growing, and it appears to have the 

lV j, £ power of producing new polypes, not only in 

• %!1\ ® \ {/, the fresh cells formed during growth, but also 

vlll !f&] ^ those which havo already been occupied* 

yi I but which have been vacated by the death of 

,.\ i/ 4 * their former tenants. The growth of thepoly- 

wlwly pidom, according to Dr. Johnston, takes place 

in the following manner: — “The ripe ovule 
^;T\ or bud discharged from its matrix settles and 

° fizes itself to the site of its future existence 
by minute fibres, which pullulate, from the 
Fig. 29. — ulomedea GENicuLATA. underside ; while from tho opposite pole a pa- 

4 - pillary cono shoots up to a height determined 

ft, ovarian vesicles; c, polype extending; W the law which regulates the peculiar habit 
d, extended polypes. * . rr , 

of the species. 1 he upward growth is then 

arrested, and the apex becomes enlarged and bul- 
bous. The structure of this rudimentary shoot is at first apparently homogeneous, but very 
shortly the separation between the sheath and the interior pulp begins to be defined, and is 
made hourly more apparent by the pulp retreating inwards, becoming darker and more 
concentrated. That portion of it, in the bulbous top of the shoot, goes on to further con- 
densation and development ; and as it enlarges, so in proportion docs the he my cuticle 
that covers it expand apace, until it has gradually evolved into one or two cells, which 
are still closed on all sides. The dark body of the polype is apparent through the thin 
and transparent parietes ; and from its superior disc there are now to be seen some 
minute tubercles or knobs protruding, which becoming insensibly but steadily more 
elongated, constitute the tentacula of tho polype, now nearly ready for a more active 
life. By an extension of development, or by a process of absorption not well under- 
stood, the top of the cell is at length opened, the polype displays its organs' abroad, and 
begins the capture of its prey — for, unlike higher organisms, it is at this, tho period of 
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its birth, as large and as perfect as it ever is at any subsequent period, the walls of the 
cell having become indurated and unyielding, and setting a limit to any further increase 
in bulk. The growth being thus hindered in that direction, the pulp, incessantly in- 
creased by new supplies of nutriment from the polype, is constrained and forced into 
its original direction ; so that the extremities of the tube, which j^avc remained soft . 
and pliant, arc pushed onwards, the downward.shoot becoming a root-like fibre, and the 
upper continuing the polypidom, and swelling out as before, at stated intervals, iiffco 
cells, for the now development of other polypes/' — Brit. Zoophyte », p. 9. 

A curious sort of circulation takes place in these creature*. It consists in the 
alternate ascent and descent of a fluid containing granules, within tlfc tubular stem 
and branches of the polypidom, sometimes stopping just below the base of tfie polype, 
sometimes reaching to the very stomach of the creature. The cause of the motion of 
this fluid is still unexplained ; it starts from no flxed point, and has no fixed point 
whence to return; there is nothing Jin the structure of the animals to throw any 
light upon the subject, and the behaviour of tlie current itself, uniter artificial circum- 
stances, only renders its explanation still more difficult. Thus Dr. Rogct says : — “ If 
the currents be designedly obstructed in any part of the stem, those in the branches go 
on without interruption, and independently of the rest.’* The object of the circula- 
tion, however, appears, from Mt. Taster's experiments, to be exceedingly analogous to 
that of the circulation of the blood in the higher animals. 

In these, as in all other polypes, reproduction is effected both by budding or gemma- 
tion and by ova. The former mode of propagation necessarily takas jdace in all the 
compound polypes, as the formation of these numerous societies is dependent upon a 
continual vegetative growth or budding of the common substance. In these the new 
individuals thus produced remain constantly attached to the parent stock ; and the 
process by which this increase is effected has already been described. In the simple 
naked polypes the buds only continue connected with the parent until they are suffi- 
ciently mature, w r hen they are thrown off to enjoy an independent existence. The 
mode of sexual reproduction varies greatl/ in the 
different, families, and will be best understood when 

these come under consideration. AVe may observe m I 

here, however, that the polypes of this order are dis- Sk Jr3 

tinguished from the rest of the class by having the 

reproductive organs external; and as these are only St 

developed at certain seasons, these zoophytes gene- r 

rally appear to be completely asexual ; whilst in the 

two other orders the ova arc produced in internal 

ovaries, and these organs arc constantly present. , 

Divisions.— The first family, Hydrides, contains 
only a single genus ( Hydra) of polype, some of which ”.v 

may be met with in almost every piece of stagnant or Br- : / jt 

slowly-running fresh water. They arc usually attached • B : y*V y , "'^S§ 

to some aquatic plant, and their most favourito station K , fU 

is amongst the rootlets of the duckweed, so common 
in all our ponds. The anixfigl, when extended, con- 

sists of a long gelatinous cylinder, attached by pno SO.— Hydra. : 

extremity" to the sub-aquatic plant, and furoishpd at ’ ’ 1 j 

the other with very long tentacles, which it stretches about in the water in search of . 
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the minute animals on which it feeds. In a state of contraction it presents the 
^ appearance of a mere gelatinous lump or button. 

The tentacles, or feelers, are said to be tubular, and filled with an albuminous, fluid. 
They are furnished with a variable number of tubercles, arranged in a spiral manner 
on the surface. ^ These tubercles are beset with a number ^.spinigerous vesicles, 
which serve as organs of touch, in the midst of which, at the apex of the 
fabercle, a very singular organ of prehension is situated. Each spinigerous vesicle 
consists of two sacs, placed one within the other, with a small cavity in the centre of 
the inner one. At the point of contact of the two sacs is placed a long ciliary hair, 
which projects from the surface of the tentacle. The organ of prehension, which is 
called the hasta y consists of a sac opening at the surface of the tentacle, within which, 
at the lower portion, is placed a saucer-shaped vesicle, supporting a minute ovate body, 
which again bears a sharp calcareous piece called the sagitta , or arrow. This can be 

pushed out at the pleasure of the animal, 
serving to roughen the surface of the ten- 
tacle, and afford a much firmer hold of its 
living prey. It is supposed that a poison 
is also ejected at the same time, as animals 
when seized by the hydra are observed 
to die almost instantaneously. Muscular 
bands arc observed running through the 
substance of the tentacles ; some passing 
from tubercle to tubercle, marking out 
a series of lozengc-sliaped spaces, and 
others running in a longitudinal direction 
through the tentacle. Of these, the former 
have been regarded as extensor muscles, j 
the latter as adductors. Rut the action of 
these muscles is apparently quite insuffi- 
cient to explain the extraordinary exten- 
sibility of the tentacles, which, fr6m a mere 
tubercle, may he stretched out to the 
length, in one species, of no less than 
eight inches. “To produce this degree of elongation,” says Dr. Johnston, “it seems 
necessary to have superadded the propulsive agency of a fluid. Water flows, let us 
say by suction! into the stomach through the oral aperture, whence it is forced by the 
vis d tergo , ojr drawn by capillary attraction into the canals"' of the tentacula, and its 
current outwards is sufficient to push before it the soft, yielding material of which 
they are composed, until at last the resistance of the living parts suffices to arrest 
the[tiny flood ; or the tube has become too fine in its bore for the admission of water 
attenuated to it& smallest possible stream,— how inconceivably slender may indeed 
be imagined ; but there is no thread fine enough to equal it, seeing that the tentacula 
of Hydra fusca in tension can be compared to nothing grosser than the scarce visible 
filament of the gossamer’s web.” 

The most wonderful portion of the history of the Hydra consists in its extraordi- 
nary powers of propagation. The most usual mode in which reproduction takes place 
is by a process of budding or gemmation, in which some portion of the substance 
of the creature is pushed out into a small tubercle ; this gradually becomes 



Fig. 31. — Tentacles of Ilydra. 
tubercles ; b, hasta ; c, d, spinigerous vesicles. 
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larger, and at length develops a circle of tentacles from its upper extremity. The 
young animal is then complete, but generally remains attached to its parent for a short 
time Jbnger, stretching out its tentacles and taking food in precisely the same manner 
as the old animal. K |for is it an unusual thing to behold the young one and the old 
one struggling for, am^gorging different ends of the same worm. Before tho develop- 
ment of tentacles on ike young Hydra, and even after these have made their appear- 
ance, a communication exists between the digestive cavity of tho parent and that of 
its offspring ; so that food" given to either of them produces more or less ^distension of 
the bodies of both. This communication, however, appears to dose some little time 
before the separation of the young animal. 

After tho young one is thrown off there remains no mark to show whence it had 
been protruded. In warm, weather the young Hydrae are produced very rapidly, a 
single polype sometimes bearing about as many as four young ones, depending from 
various parts of the body. And no sooner is on^of these thrown off than another 
appears to take its place ; and, what is still mor£ extraordinary, “ tin* young ones them- 
selves often breed others ; and those others sometimes push out a third or fourth gene- 
ration before the first fall off from the parent.” — {Baker.) According to Trembley, the 
average number of young produced by a single Hydra griscg, in summer, is twenty per 
month ; but as each of these would in a few dsfys be surrounded by a numerous family 
of children and grand-children, all as prolific as itself, it may readily be imagined that 
the monthly progeny of one of these creatures will be exceedingly numerous. 

This inode of reproduction is, however, confined to the summer months. A different 
provision is necessary for continuing the species from year to year. For this purpose, 
iu autumn, the Hydrte produce small bodies, which have been colled oviform granule a, 
and which remain like seeds in the water, until the return of spring causes them to 
develop a new race of polypes. Little is known of tho true nature of these bodies, 1 
which ore regarded by Ehrcnbcrg as female or hermaphrodite polypes, deprived of 
tcntacula and loaded with ova, like the female polypes, or ovigejous vesicles of the 
following family. 

Singular as arc these natural modes of increase, they are surpassed by the very 
curious phenomena presented by the artificial multiplication of the Hydra by the 
mechanical division Qf its substance. On this subject, Trembley of Geneva, who dis- 
covered and described tho singular properties of this creature ,ahout the year 1744, 
speaks as follows : — u I have opened a polype on my hand, oxtended it, and cut the 
simple skin of which it is formed in every direction ; I have reduced it to little pieces, 
and, in a manner, minced it. Theso little pieces of skin, both those which did and 
those which did not possess arms, became perfect polypes.” __ 

An operation which, to almost any other animal, would p^ove injurious or fatal, is thus 
found, in the case of tho Hydra, only to assist the propagation of the species . f Wounds 
heal up with marvellous facility ; and by Cutting the creatures in various directions, 
tho most extraordinary monsters may bo produced. A tail deprived of its head will 
produce a fresh one in four or five days ; whilst the amputated head forms a new tail 
in about the same time. Theso singular facts were received, as may be supposed, at 
the time of their discovery, with no little incredulity ; but the testimony of numerous 
observersleaves no room to douty of their corrrectness, and the animals themselves are 
so common that any one may repeat the experiment^ of Trembley and Baker for his 
own satisfaction. , 

We have devoted so much space to the reproduction of these curious creatures, that 
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the remainder of their history must be dismissed in but few words. Although com- 
monly found attached by their caudal extremity, they are capable of moving from .place 
to place with'focility, somewhat in the manner of a leech, by attaching the anterior 
extremity atjrome distance from the tail, then detaching the latter, and drawing* the 
body up into a loop, so as to bring the tail close up to the head* This motion is then 
repeated ; and the Hydra thus advances by a series of steps, each of the length of its 
body, it can also glide almost imperceptibly on its base, and not unfrequently floats 
in the water* banging from the surface by its caudal extremity. 

The Hydrin are exceedingly voracious, and feed only on living animals. The larvae 
of insects, worms, and the 'minute crustaccous animals which swarm in all waters 
constitute their principal food. Sometimes two polypes will seize upon tho same worm, 
when a dispute, of course, ensues, which occasionally ends in a very singular qxanner. 
If the weaker of the two does not feel inclined to let slip a booty for which he has 
perhaps been waiting with extended tentacles ,for several days, it sometimes happens 
that each polype swallows the end which has fallen to his share, until at length the 
worm being ail gone, the mouths of the pair come into actual contact. They now find 
themselves in a position of considerable difficulty, which is sometimes terminated by 
the breaking of the worm y but if this does not take place, the larger or stronger of the 
two seizes upon his antagonist, and shallows him, worm and all. After a time the 
swallowed polype emerges uninjured from his living tomb ; the worm, however, is 
gone. One of the most singular circumstances connected with the digestion of the 
Hydra — a digestion which, as we have seen, is capable of dissolving creatures of far 
higher organization than itself — is, that the creature may actually be turned inside out 
without any derangement of its functions ; the old inner surface now acts the part of a 
skin, whilst that which was the outer skin adapts itself without difficulty to the 
performance of the work of digestion. 

The polypes of the second family, the Sertularida , all live in societies, each polype 
being inclosed in assort of homy cup, supported on a branched polypidom of tlie same 
consistence. The structure and mode of formation of these polypidoms, which are 
amongst the Inost elegant productions of the sea, has already been described. Their 
; delicate arborescent' forms are constantly to be seen attached to the sea-weeds left upon 

the beach by the retiring waves. The 
cups or cells containing tho polypes arc 
sometimes placed .at the extremity of 
long stalks, sometimes arranged along 
the sides of the stem and branches of the 
polypidom ; and the family has been 
divided into two sub-families, in accord- 
ance with these characters. The 
Zaomedea gcniculata, of whirih a figure 
has already been given, is an ex- 
ample of the former mode of growth, 
characteristic of the sub-family of 
Fig. 32.-Part of SertuUria micuU. «, natural size ; Campamlari „ a . the ^ond arrange- 

ment, < the cells arc sometimes placed 
along both sides of the tubular portion of the polypidom, sometimes only in a 
single series along the upper 03 lower surface of the branches. Thdse constitute 
the-jjttb -family Sertularim. In some instances the stem springs from a proper root, so 
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that tho zoophyte is isolated. In other cases the roots of the polypidom creep chrer the ^ 
surface of the object to which it is attached, frequently covering large pieces Of sea- 
weed ♦ith a complete network of minute homy fibres, from various portions of which 
spring the delicate plant-like structures which support the active polypes. 

Independently of the reproduction by gemmation, which is a necessary condition of 
their existence as compound zoophytes, the propagation of these 
polypes is effected by the development at certain seasons of pecu- 
liar cells, called ovigerous vesicles (Fig. 33), which are regarded 
by some zoologists as fertile polypes. They are destitute of 
tentacles and of digestive organs, and contain, when mature, 
a number of minute ova ; after the /hscharge of these the 
vesicles fall off, and the zoophytes appear completely sex- 
less. The ova, when discharged, are active,* and swim freely 
in the water for two or three days, wh«n they fix tfpon a spot 
for their further development, settlo there, and shoot up into 
a polypidom similar to that from which they derived then- 
existence. This freedom of motion in the ova, of all stationary 
animals, is one of the admirable provisions of nature for 
securing the duo distribution of her productions through Ike 
world of waters ; for as these polypes in their mature state 
are confined to a Binglc locality, it is evident that if their 
ova merely dropped to the bottom of the water, more of them 
would be developed in a single spot than could conveniently 
exist there; the ova are consequently endowed with a a a s ovigeraus vesicles, 
locomotive power, enabling them to emigrate to such a 

distance from the parent stock, as to avoid all chance of inconvenient crowding. The 

‘forms of some of these active ova or germs, as 
described by Sir John Dalyel^ and Professor Van 
Beneden, refnind one strongly of the creatures 
forming the next class, a circumstance which, when 
taken in connexion with the fafit that many animals, 
apparently belonging to the following family, are 
found to be only stages in t\c reproduction of the 
Mcdusee , affords a strong argument in favour of the 
views of some zoologists, who remove all the polypes, 
belonging to the present order, into a position more 
in accordance with the intimate connexion which 
appears to exist between them and these higher 
Radiata. 

The Tubular idee, forming the third family of 
hydroid polypes, are also for the most part social 
animals, frequently possessing a polypidom, which, 
however, when present, is of a much less firm con- 
sistence than tho homy framework of tho Sertularida. 

Fig. 3 i m — Eudendrium ramosum* . The polypes are never entirely retractile within their 
(magnified). tubes ; the upper extremity is enlarged into a elavato 

head, surrounded by a variable number of tentacles. 
The family is divided into two sub-families, the Tubulariaeke, in which tike polypes 
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are inclosed in a polypidom (Fig. 34) ; and the Corynidas , in which they are naked, or 
only furnished with a rudiment of a polypidom. The genera ore founded on the 
arrangement and form of the tentacles. * 

The fertile individuals, when they have been observed, are generally mere knobs, in 
which the tentacles are completely wanting ; and it is supposed that they derive the 
nourishment necessary for the performance of their reproductive functions from the 
active barren polypes. One mode of propagation exhibited by these animals is that of 
the production of what have been called by Professor Van Beneden, “free or motive 
buds.” They are produced in little clusters of bulbs, which grow from the bases of the 
tentacles at certain seasons, and for a certain period, after exclusion, possess a considerable 
' power of locomotion. Sir J. G. Daly ell, in his account of Tubularia indivisa , informs us 
j that on quitting the parent the bud of this species develops some little tubercles, the 
rudiments of the tentacles, from its under surface, and on these, as on so many feet, 
move about the bottom of water. After a timevit appears to select a position in which 
to fix its perman&it abode, when “ it'rcverscs itself to the natural position, with the 
tcntacula upwards, and is then rooted permanently by a prominence, which is the 
incipient stalk, originating from the under part of the head. Gradual elongation of 
the stalk afterwards continues to raise the head, and the formation of the zoophyte is 
perfected.” Other ovules undergo a certain degree of development whilst still inclosed 
in the ovisac, and are excluded from this shelter in a form somewhat resembling that 
of the common Hydra. They then fix themselves, and become gradually developed 
| into the form of the parent animal. Many polypes, apparently belonging to this 
! family, give origin, by a process of gemmation, to young Medusae, which again produce 
' ova, from which similar polypes arc developed. The observation of this fact has given 
; rise to the theory of what is called the “ alternation of generations,” — a theory which 
: has been applied by its originator, Stemstrup, to several other classes of animals. 

! Some of these polypes attain a considerable size f the Corymorpha nutans, one of the 
| most beautiful of thp group, attains a length of four inches and a-half. Of the beauty 
' of its appearance, Messrs. Forbes and ^Goodsir, who discovered it in the British seas, 

1 speak in the following terms : — “ When placed in a vessel of sea-water, it, presented 
the appearance of a beautiful flower. Its head gracefully nodded (whence the appro- 
! priate specific appellation given it by Sars), bending the upper part* of its stem. It 
! : waved its long tentac^la to and fro at pleasure, but seemed to have no power of con- 
tracting them. It could not be regarded as by any means an apathetic animal, and its 
beauty excited the admiration of all who saw it.” The general colour of the creature 
is a delicate pink, with longitudinal lines of brownish or red dots. The tentacles are 
very numerous and long, and of a whito colour ; and tho ovaries, which arc situated 
immediately above thg circlq of tentacles, are orange. Most of the Tubularities inhabit 
tho sea ; but one species, the Cordylophora lacustris , is found in the dock of the Grand 
Canal, Dublin, in water which is perfectly fresh. 

„ Order II. — Asteroida. 

General Characters. — The asteroid polypes are all compound animals, inhabiting 
a polypidom, which consists of a fleshy external layer, supported upon a calcareous axis. 
The polypes which are imbedded in this fleshy mass* are furnished with eight flat 
tentacles, placed in a single circlet round the mouth, and not unfrequently toothed or 
fringed on their margins. The outer integument consists of two membrands, which are 
so thin on the portion of the creature which can be protruded from its cell as to permit 
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the internal organs to be seen through them with ease. Towards the base of thef body, 
however, the outer of these membranes increases in thickness, and becomes continuous 
with the common covering of the polypi- 
dom, in which, in most of the asteroid 
polypes, minute particles of carbonate 
of lime are secreted, forming either spi- 
cula or small granulated masses, which 
give increased stability to the whole. The 
innor membrane, retaining its delicacy of 
texture, is continued through the cell of 
the. polype, lining this as well as the ny- 
morou^ canals which penetrate in minute 
ramifications to all parts of the poly- 
pidom. The stomach is a distinct mcm^ 
branous sac or tube, commencing imme- 
diately within the mouth, occupying the 
centre of the cylinder formed by tlio 
outer integuments, with which it is con- 
nected by eight membranous partitions, 
which alternate with the bases of the 
tentacles, and divide the space between 
the walls of the stomach and the skin into 
eight equal compartments. These parti- 
tions are continued beyond the termi- 
nation of tlic stomach in the form of 
membranous plaits or folds, between 
which some filamentous organs are to be Fig. 35.— Red coral {Coral l turn rubmm ). 

seen, which have been regarded by some m 

zoologists as the ovaries. It appears, howcvbr, that the ova are produced from 

the innef surface of the 
membrane lining the 
canals of the polype 
mass, and not in pecu- 
liar organs set apart for 
this purpose ; conse- 
quently, tlie truo office 
of the organs just men- 
tioned, still remains un- 
determined. The sto- 
mach is perforated at its 
termination, so that it 
communicates with the 
internal canals ; but 
the opening is capable 
of being closed by means 
of a circular muscle. 

The ova first make their appearance in the form of little tubercles, which gradually 
increase in height, and become narrowed at the base, until they form small seed;likc 




Fig. 86. — Reproduction of Alcyonium. 

1. Section of Alcyonium, showing, a a, polypes ; b b f canals cut across, 
some containing ova. 2. A canalnnore highly magnified, a, a ma- 
ture egg ; 5, an ovule commencing J its development. 

i 
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% bodies,* adhering by a short stalk to the membrane from which they have arisen. In 
process of time this stalk beoomes absorbed, and the eggs are set at liberty to commence 
their further development. For this purpose, however, they must get out of their 
prison, — on undertaking not altogether unattended with difficulty. The eggs gradually 
work up to the bgse of the stomach, which, as we have already stated, is perforated 
with a dilatable opening ; but the sphincter muscle, which acts the part of a porter at 
this living door, appears occasionally to entertain some doubts of. the propriety of 
allowing the egress of the young fry, and Hhe eggs are frequently repulsed from the 
opening before they* are permitted to effect a passage into the stomach. From this 
cavity they afe at last ejected into the open sea, where they swim about for a time 
by means of cilia, in the full enjoyment of % freedom, which, however, is soon to 
end; - # . 

Divisions. — This order of JZoophytes is divided into four families, front characters 
derived from the . nature of the pdiypidom. ^n the first, this consists of a series of . 
parallel tubes, each of which serves as f a habitation. The tubes arc generally of a cal- 
careous nature^ and arc united together by transverse partitions. This family is called 
Tubiporid&y from. the name of its most typical genus, Tubipora ; of this only a single 
species is known, the red Organ coral” ( Tubipora musiea ), inhabiting the Indian 
Ocean, in which the polypidom is of a? deep crimson colour, contrasting strongly with 
the bright green of the living polypes. 

In the fiunily Alcyonidcc, one of the British members of which has received from 

our fishermen the elegant appellations 
of Cow' 8 paps , Dead man's toes , and Dead 
man's fingers , the polypidom is of a 
spongy nature, and contains a multi- 
tude of minute calcareous concretions 
which serve to give firmness to the 
fabric. When the polypes are con- 
tracted, the surface of tho polypidom 
which is covered with a coriaceous 
skin, is seen to hear numerous scattered 
stellate marks, which, on examination, 
arc found to consist of eight rays corres- 
ponding with the tcntacula of the polypes 
which arc to be protruded from these 
spots. The cells occupied by the polypes 
m Fig- 37 . — Alcyonium. ore placed at the terminations of canals 

A, a portion enlarged, showing the polypes. which run through the polypidom, 

and which, by their union with each 
other, serve to maintain a communication between the individual polypes constituting 
the mass. The rest of the polypidom is made up of a transparent gelatinous substance, 
containing the calcareous spicula above mentioned, and pervaded by numerous small 
fibres, which form a sort of irregular network. The Alcyonidce are always attached to 
submarine bodies. The species already mentioned is exceedingly common ronnd our 
coasts; so much so that, as Dr. Johnston says, “ scarce* a shell or stone can be dredged 
from the deep that does not serve, as a support to one or more specimens/’ It often 
covers these objects with a simple 9 rust t of about an eighth of an inch in thickness, but 
far more frequently rises up from the surface of attachment in conical or finger-shaped 
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lobes, from the varied forms of which it has obtained, in the vocabularies of ou f man- , 
time population, the expressive, if not very refined, names already mentioned.* 
One ofjhe most remarkable species belonging to this family is the Alcyoniwn poculum, 
or Neptune’s cup, which is found upon the coral reefs in the eastern Archipelago. The 
polypidom of this zoophyte, which bears some resemblance to a wineglass in form, is 
sometimes as much as three feet in height, and eighteen inches in diameter at the 
mouth. 

In the Gorgonidee, which constitute the third family of asteroid polypes, the calca- 
reous matter when present, instead of being scattered in 
the form of granules or spicula throughout the substance 
of the polypidom, is collected into a stolid central axis, 
cohered by the fleshy mass in which the polypes are 
imbedded. *' The axis is sometimes calcareous, sometimes 
homy, and in some curious forms it consists of a mixture 
of both substances ; as in the Isis hippuris , a' species 
inhabiting the Indian seas, the axis of which is formed 
of a series of calcareous joints united together by homy 
rings (Fig. 38). Most of the species possessing a homy 
axis ( Gorgonidy and allied genera) grow in amoi’c or less 
arborescent form ; but in some species, well known in a 
dried state as “sea-fans,” the longitudinal branches 
are united at irregular intervals by a number of trans- 
verse pieces, which are composed of a continuation of 
the homy axis, covered with tho cortical substance, and 
bearing polypes exactly like the main stem and branches. 

But there is one species belonging to this family, with the stony axis of which most 
of us have been acquainted from our earliest years, although it is probable that many are 
still ignorant of its origin. This is the Corallium rubrum (Fig. 35), tfce animal which pro- 
duces the common red coral, a substance of great* beauty, and, at on© time, of consider- 
able value. In Persia, China, and Japan, coral ornaments arc still valued as highly 
as gold, and large quantities of them are manufactured in Naples Tor the eastern mar- 
kets. The zoophyte appears to be confined to the Mediterranean Soa, where it grows, 
especially on the southern coasts, attached to rocks at considerable depths in the sea. 

It is fished up from the deep by means of nets and other instruments, which, like many 
other things in these early homes of civilization, hare undergone little or no change 
in their construction for many centuries. But the fishery is one of considerable import- 
ance to tho countries which carry it on ; and a great number of the popul;*r tales and 
legends of tho inhabitants of tho south coast of Europe are epnnectpd with this favourite 
employment. So completely ignorant were the older writers of the true nature of 
coral, that pome of them even referred it to the mineral kingdom ; and even as lately 
as the middle of tho last century, naturalists were in the habit of regarding coral as a 
vegetable production. This opinion was further supported by the discovery of the 
supposed flowers of the plant, by an Italian naturalist, who gave the world on exceed- 
ingly full description of their structure. So firmly had the belief in the vegetable 
nature of coral taken root, in* the minds oven of scientific men in. those days, that 

* The popular names of this species, the Aleyonium digitafrtm, in most countries, are derived from 
its fingered appearance ; the French call it Main ds mer, or “ sea hand;” the Germans, Diebshand k or 
“ thief s hand,” and Fingsrkork* 

a 
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•vhen a surgeon: of Marseilles, who had examined the zoophyte cither with more oare 
or more judgment than his* predecessors, found, to his astonishment, that the so-called 
flowers wore really animals, endowed with the power of voluntary motion,*iftiEen 
Reaumur, to whom he forwarded an account of his discovery, thought it advisaolty 
when communicating it to the Academy of Sciences in Paris, to conceal the name of* 
tlje discoverer, lost lie should be exposed to the derision of his contemporaries— for that 
learned body considered the statement so exceedingly improbable that it could not be 
entertained for a moment. 



Fig. 39. — Fennatula. 
a , u single polype magnified. 


The zoophytes of the throe preceding families all grow attached by the base to 
rocks or other submarine bodies ; in those of the fourth family, the Pennatulid on 
the contrary, the polypidom is completely unattached, and they arc only retained in 
their proper position by the insertion of the lower portion into the sand or mud of the 

bottom of the sea. Tho main stem of the 
polypidom of these animals is fleshy, 
but furnished with an internal bony axis, 
which, however, does not reach to either 

I 

extremity of the stalk. The polypes are 
not situated upon this portion, but upon 
a scries of lamellae, which stand out upon 
each side of the stalk, giving tho whole 
creature, in some cases, the appearance 
of a large quill-feather. It was formerly 
supposed that these polypes swim by the 
waving of the pinnoo to and fro in the 
sea ; and as some of them are most bril- 
liantly phosphorescent, thor beautiful 
appearance which would be presented by 
the motion of such a splendid undulating 
meteor through the water may, perhaps, 
be imagined. In the words of Dr. Grant, 
“ a more (Singular and beautiful spectacle 
could scarcely be conceived than that 
< of a deep purple Pennatulc? phosphorea, 

with all its delicate transparent polypi expanded, and emitting theiirbeautiful phospho- 



Fig. 40.— Portion of Virgularta Mirabilis, magnl- 
Aed» showing the polypes. 
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rescent light, sailing through the still and dark abysB by the regular and synchronous j] 
p uls ations of the minute fringed arms of the whole polypi/* But, unfortunately for 
<3flg ming vision, all that ve know of the habits of theso creatures tends to show 
that,- although certainly not rooted to one spot like the other polypes, they are com- 
pletely sedentary in their mode of fife, remaining always in one place, with the base 
of the central stalk buried in the soft bottom of the sea. , 

These zoophytes vary considerably in forxm In some cases, of which the Pennatula* 
or “sea-pen” already figured, may serve as an example, the central stalk is of moderate 
length, whilst the pinnae aro tolerably long, giving the # creatuif> so completely the 
appearance of a] feather, that, to use the words oj Lamarck, “it seems* in fagt, as if 
nature, in forming this compound animal, had endeavoured to copy the external form 
of *a bird's^feather.” In some genera, V irgularia and Pavonaria , to which tho name 
of “ sea-rushes ” has been given, the central stem is very much prolonged, some of 
them measuring between three and four feet in length. The polypiferous lobes are 
comparatively short. 

Order III. — Helianthoida. 

General Characters. — The Helianthoid* polypes, of which tho common sea- 
anemones, of our coasts, may serve as an example, approach much more closely in 
their structure to the Asteroid than to the Ilydroid polypes. In fact, it has been pro- 
posed by some zoologists to confine the name of 
polypes to the two former orders, removing the 
last-mentioned group to another position amongst 
tho Badiata. Like the Asteroid polypes, tho 
animals forming tho present order have a 
stomach, consisting of a sac quite distinct 
from the outer walls of the body ; like them, 
also, the space between the stomach and thtf 
outer integuments is divided into cells, by mem- 
branous or muscular partitions, upon which tho 
ova are produced. But, instead of eight flat 
fringed organs, the mouth is surrounded by a 
variable number of tubular tentacles, which 

are generally very numerous, and arranged in 41, ” Actinia Mesem bryanthemum. 
multiples cither of five or six ; and the lamellae of the interparietal space follow tho 
same rule as to number. • 

Some of them, as the Actinia, are free and naked ; but the greater n um ber secrete a 
calcareous polypidom, which, however, differs widely from that of the preceding order. 
Instead of rfhe polypes being imbedded in a fleshy or leathery mass, supported on a 
calcareous orhorny.axis, the cells inhabited by the Helianthoid polypes are hollowed 
out immediately in the stony polypidom ; tho lamellae, whfbh divide the space between 
the outer skin and the stomach into compartments, being also supported by a calcareous 
plate ; so that when the polypes are removed tho cells still exhibit a radiate struc- 
ture. The Actinia, one of the commonest species of which is represented in the 
above figure, will furnish us with a very good idea qf the individual polypes of this 
order. * , » 

These animals generally consist of a cylindrical body, truncated or cut off at the two 
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extremities ; the lower surface, which forms a flat disc, adheres, by means of a glutinous 
secretion, to Tocks or other submarine bodies ; whilst the upper is perforated in the 
centre by the oral aperture, and furnished with a variable number of tentacle^ which 
inmany species are exceedingly numerous, and tinged with the ' most vivid and delicate 
colours. The *kin of the sides of the animal is of a much firmer texture than that of 
cither the oral or basal disc. At the upper edge it forms a sort of border, which com- 
pletely conceals the more delicate tentacles during contraction, when the animal 
presents the appearance of a conical lump of flesh, with a slight impression at the apex. 
The stomach is a plaited membranous bag, which, when the animals are exceedingly 
hungry, is hot unfrequontly turned completely out of the oral aperture in the form of a 
semi-transparent bladder, constricted in various parts into lobes of greater or loss extent. 

When tie stomach is protruded in this manner, some 
small white filaments arc often to be seen projecting j 
from, an opening at the bottom of the sac ; these hare j 
been regarded as ovaries by some authors, but they | 
seem rather to be the male generative organs. The 
a space between the stomach and the outer walls of the 
body is divided into compartments by a series of j 
muscular lamellae, by the action of which the various 
changes in the form of the creature arc effected. Many 
Fig. 42. Section of Actinia. 0 f these lamellae do not reafeh the stomach; so that 
a, cavity surround- the y form-projecting leaflets, vrith a free margin, upon 

which the true ovaries are produced. 

The extension of these animals is effected by the imbibition of water, either through 
tho mouth er the pores of the tentacles. This fills the interparietal space, and is forced 
thenoe into the tentacles ; the little pores at their tips being kept closed until every part 
of the creature is distended to the utmost, often presenting a most beautiful appear- 
ance. The contraction of the walls of the body, and of the perpendicular lamellae, 
soon forcesoutthis water, when the Actinia wishes to contract itself; the water passes 
off through' minute pores at the tips of the tentacula; and when the contraction is 
sudden, it is sometimes ejected to a distance of a foot or more. 

The ova of the Actiniae, like those of other polypes, arc active when first excluded. 
For several days they swim freely about, by means of the cilia with which they arc 
furnished ; then fix themselves, and, after passing through a series of changes, gradually 
assume the likeness of the parent. In the Actinia the ova are frequently hatched, if 
such a phrase may be allowed, within the chambers of the interparietal space ; and after 
remaining in these cavities for some time, the young animals are ejected through the 
mouth. The same circumstance may probably occur in other groups of Helianthoid 
polypes ; but these do not present themselves so readily to the continued observation of 
naturalists. 



The polypidom of the Helianthoid zoophytes is essentially a cast in carbonate of lime 
of the structure of the animal. It is presented in its simplest form by the Fungia — a 
group of corals in which the polypidom is inhabited only by a single polype.*' In these, 
when the polype is very young, only a small number (generally six) of calcareous 
lamell® are developed. As the animal increases in*size, others are produced between 
those first formed ; others agai 1 between these ; and so on, until at length the numbor 
of these stony rays becomes quito extraordinary. The mode of formation of the com- 
pound corals is very similar to that of the Fungia, except that in the former tho increase 
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of size of each polype, and, of course, also of the coll which it inhabits, is restrafoeS within* 
much narrower bounds,*— the Frngue growing 
appaftntly for an indefinite period, and con- 
stantly increasing the size of their polypidom 
by shooting out fresh rays ; so that the outline 
of the original cell is very soon entirely lost. 

The arrangement of the individual polypes, in 
the compound Helianthoida, varies in the 
different families, and the form of the cpral 
varies with it. 

Humble as these creatures are, they* opera- 
tiens'pocupy an important place in the history 
of the globe. Islands — some of them of 

considerable size, and affording a habita- 
tion to an entire race of human beings — 
owe their elevation (from the bottom of the 
ocean, and the solidity which enables them 
to resist the continual action of the tremen- 
dous breakers of the tropical seas) to the 
labours of these apparently contemptible 
agents; and in the geological periods of the world's history they appear to have played 
even a still more important part. * 

Three kinds of coral-reefs are distinguished. Nearly all the shores of the seas 
inhabited by the reef-building corals, which occupy a broad zone extending between 
20° and 30° of latitude on each side of the equator, are more or less fringed with Iheir 
living walls ; these are called skirting reefs . Other reefs are sometimes met with at a 
much greater distance from the shore, although still, to a certain extent, running 
parallel to its outlines. To these the name of barrier reefs has been given ; the most 
remarkable of them is the great reef which runS along the north-east coast of Australia. 
The third form of reef is presented by a great number of the Polynesian islands. Many 
of these are of a crescent-like form, or even sometimes completely circular, inclosing, as 
within a wall, a basin of still water (called a lagoon), in which the more delicate marine 
animals find a welcome refuge from the tumultuous waves whicty rage without. These 
islands, which are called atolls or lagoon-reefs , are generally highest on the windward, or 
eastern side, against which the .waves are continually dashing with great violence ; the 
polypes, from some cause still unexplained, building with greater rapidity on that 
portion of the reef which is constantly exposed to the action of the breakers. On the 
opposite or leeward side, the reef is seldom completed ; sc* that gt this part tho lagoon 
usually communicates with the open sea by an opening of variable width. As exposure 
to the air appears quickly to be fatal to these polypes, they never raise their habita- 
tions quite to the surface of the water, usually stopping at four or five feet below low- 
water mark. It is evident, therefore, that the living pdlypes can have nothing to do 
with the final elevation of tho coral islands above the level of the sea ; and we find that 
this is due to the action of the very waves which appear to threaten the infant island 
with destruction. The v^olendq of tho storm breaks off large fragments from the lower 
parts of the reef, and washes them up to its surfaae, where they rest, and gradually 
become agglutinated together by a constant deposit. of calcareous sand, produced by the 
disintegration of the coral. In course of time these deposits rise above the surface, 
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when borne floating cocoa-nut is thrown upon the beech, and germinates in the sandy 
soil. Things go on rapidly now. Birds visit the new- formed land ; new species of 
vegetation arise ; and each plant, by the decay of its fallen leaves, assists in the* forma- 
tion of a layer of mould in which other plants may grow. Assisted by a tropical sun 
and a moist atmosphere, vegetation becomes luxuriant ; and the barren sandy spot, so 
recently jraised from the bosom of the ocean, is soon converted into one of the most 
‘delightful abodes of man. The circular form assumed by these islands has led to the 
assumption that the coral of which their foundations are composed has been reared cither 
upon the rim of the cratej of some submprged volcano, or, when the islands are of 
large sjze, up‘on a ridge of elevated ground surrounding a basin, like many that may be 
met with upon the present earth. The principal ^difficulty, in the way of this supposition, 
is, that the polypes are found never to build or live at greater depth than from 12J) to* 180 
feet ; and it is almost impossible to imagine that the volcanoes of the continent, which is 
now submerged in the Pacific Ocean, were all^o nearly of .the same height, that their 
summits would edme within this distance of the surface of the water. An equal or still 
greater difficulty presented itself in the ease of the barrier reefs, to the most considerable of 
which we have already referred. The great barrier reef of New Holland is more than 
1000 miles in length ; fox; about 350 miles it is quite continuous ; and it is evidently 
impossible to admit that a chain of mountains is submerged in this place with summits 
so very uniform in height. 

To solve this difficulty, a most ingenious hypothesis has been put forward by Mr. 
Darwin. That gentleman considers that the observations made by him in the Pacific 
and Indian Oceans justify him in asserting that the whole of the bottom of these seas 
is undergoing considerable change of elevation ; some portions of it gradually rising 
(areas of elevation), and others as gradually subsiding (areas of subsidence). The 
following diagrams will show how these suppositions serve to explain the formation of 



Fig. 44. 


Fig. 45. 


coral islands. In tne first diagram, A represents the peak of an island, which may be 
regarded as the summit of a submerged mountain. The coral polypes, labouring in 
their accustomed vocation, would construct, at such a distance from the actual shore as 
would furnish them with a suitable dopth of water, a skirting reef, 0. But the island 
is not stationary ; it is sinking very slowly ; and, in process of time, we find that only 
a small portion of the central peak is still above the water, whilst the corals have gone 
on working so as to keep themselves always at the &ame, or nearly the same height ; 
although the reefs which they form, instead of being onljf a few hundred feet from the 
shore of the island, arc now at a distance, perhaps, of several miles. But matters go 
still further : the subsidence still continues ; the original island disappears beneath 
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the waves; the deposition of debris upon the surface of ^the coral reef Raises 
it above the surface; and it becomes 
a lagoofi island, in the manner already- 
described. Few things in nature, per- 
haps, can give us a more vivid perception 
of the power of that Omnipotent Creator 
at whose command these apparently in- 
significant creatures rear their stupendous 
edifices from the deep. Some idea of the . 
number of architects required to produce 
these vast results may bo obtained frojn 
the *folV)wing remarks of Mr. Dana’s : — 

“ Calculating the number of polypes that are united in a single Astrsea dome twelve 
feet in diameter, each covering a square Jialf-inch, we find it exceeding one hundred 
thousand ; and in the Porites of the same dimensions, in which the animals are under a 
line in breadth, the number exceeds five and a-half millions. There are, consequently, 
five and a-half millions of mouths and stomachs to a single zoophyte, contributing 
together to the growth of the mass.” From age to age, frqpi the earliest periods to 
which the study of fossils can carry the history of our planet, to the present time, 
countless millions of these humble zoophytes have been ceaselessly toiling, separating 
calcareous matter from the waters of the ocean, and fixing it in" a permanent and solid 
form ; and immense beds of calcareous rock, in various parts of the world, bear witness 
to their unceasing activity, perhaps even more than the coral islands of the recent 
seas. 

Like the greater number of radiated animals, the Helianthoid polypes possess 
urticating organs, which consist of minute capsules imbedded in the skin, containing 
a spicule, or a spiral thread, of great delicacy, and apparently, also, secreting an 
acrid fluid of some sort, which exerts a poisonous action upon any soft living 
tissues with which it may come in contact. *Thc effect of this urticating power 
is seen in tfye speedy death of small fishes, and other marine creatures* which tempt 
their fate by straying carelessly amongst the tentacles of our common -Actinia, several 
of which produce a slight sensation of heat even in the human skin. One of these, in 
fact, the Anthea ccreus , is said to sting very severely. 

Divisions, — In this, as in the preceding order, the characters of the families are 
derived from the structure of the polypidom. In the first family (the Madreporidcs , or 
“tree corals,”) the polypidom is much branched, and composed of a porous substance, in 
which the openings of the polype cells occupy the summits of tubercular prominences of 
greater or less elevation. These cells are generally almost iound * sometimes they arc 
nearly superficial, hut in many cases reach nearly to the centre of the coral. The rays 
are few in number, and rarely meet in the middle of the cell. The polypes are usually 
small, and possess only twelve short tentacles placed in a circle round the mouth. 

The family of CyathophylHdcs , or u cup corals,” form pdlypidoms of a more or loss 
cup-like shape, with the cell occupied by the polype at the upper extremity. The 
polypes arc large, and furnished with many tentacles, and the rays of the cells arc also 
numerous. This family may btf divided into two sub-families, according as the cell 
occupied by the polype is divided or not from the lowqg portion of the polypidom by a 
transverse partition. Species of both these groups .are found in deepwater off the 
British coasts. 



Fig. 4G. 
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J. It iw to the third family, the Antra idee, especially that the formation of the coral 

I reefs is to be attributed. In this the corals • 

usually form thick stony masses ; the f >stony 
rays of the cells are exceedingly numerous, 
the cells themselves penetrate deeply into the 
mass of the coral, although thoy are generally 
partially divided by imperfect transverse par- 
j titions. Most of the zoophytes of this family 
# appear to increase by a sort of spontaneous 
division, instead of by gemmation. By this means 
the body of the polype, and the cavity which 
it occupies, arc in many cases not distinctly 
circumscribed ; and the latter form curious, 

. elongated, winding depressions in the surface 
of the coral. A very well known example of 
this form is presented by the brain coral 
Fig. 47.— Astrcea viridis ( Mccandrina cercbriformis ). 

a a, expanded polypes ; b b 9 polypes with- In the fourth family, the Fungidat , to which 

druwn into their cells ; e, * C oral un- , , , „ y , 

covered by flesh, showing the cells. wo ^ avc already referred, the polypes are single, 

and often attain a considerable size. The poly- 
pidoms form oblong or roundish masses, furnished with an extraordinary n um ber of 
rays ; the outeripost of which project from the circumference without being confined 
by any outer walls. The polype occupies the whole of this radiated edifice ; it is 
furnished with a tubular mouth in the centre, and with numerous short, round tentacles, 
which are scattered over the upper surface. 

The family Zoanihidaz consists of somewhat clavatc polypes, presenting a considerable 
resemblance in their general structure to the Actinia. They differ from these, how- 
ever, in being social in their mode of life, a number of the polypes being united 
by a common creeping stem, which 

attaches them Co some submarine 

object, and from which new polypes — ^ ^ 

arc produced at intervals as it runs / ^ v j j) \ \ 

along. The mouth is surrounded by ( J 

We now come to the family of fl 
Actmiada , or “ sea anemones/ * the J 

structure of t whicli has already been MtB&gpr 

described. A considerable number 

of these polypes occur on our own ' M'liiii 

coasts ; but it is in the seas of tropical rig . 48—Zoantiras. 

latitudes that they are to be found 

in the greatest profusion, and presenting the most beautiful appearance. Ellis, in 
speaking of our British species, says : — “ Their tentacles being disposed in regular 
circles, and tinged with a variety of bright lively colours, very nearly represent the 
beautiful petals of some of our most elegantly fringed and radiated flowers, such as the 
carnation* marygold, and anemone, ''—and travellers describe the beauty of the tropical 
species in still higher terms of admiration. Thus are the wonders of nature 4 exhibited 
in her minuest productions. A race of beings, comparatively unseen and unnoticed by 


< ^ k: 


Fig. 48. — ZoanthuB. 



THE FAMILY ACTINIADJ3. 


247 


the unobservant eye, presents all the beauty and perfection of mechanism whiebtpre- 
vails in the higher orders of the animal creation ; so truly has it been observed that 
the wonders of the microscope fully equal, if they do not actually surpass, those of the 
telescope. Thus is everything, even in the very depths of the ocean, and however 
minute, wisely adapted to tho purposes of its being. The sea anemones attain a consi- 
derable size ; some of our common British species being as large as a good-sized apple. 
They are far more active than the members of the preceding families, and enjoy hconsi- • 
dcrable power of locomotion. They generally adhere by the lower surface to a rock or I 
i some other submarine body ; one species, the Actinia parasitica , attaches itself to living 
crabs, and the unfortunate crustacean majr often be seen *in vivaria crawling about 
with a burden on his back nearly as big as himself. Locomotion is effected initarious 
wayji : sometimes the animals creep along almost imperceptibly upon their base ; some- 
times, But more rarely, they reverse themselves, and walk along on the tips of their 
tentacles. Professor Forbes observed an Actinia “ walking up the sides of a glass, by 
alternately adhering with its disc and 5ase, in ■ithe leech fashion.”* The same dis- 
tinguished naturalist met with an Actinia, in the Mediterranean, “ which is habitually 
free, and swims by contractions, 'in the manner of a Medusa.” — (Johnston, Brit. Zooph. 
p. 235 , note.) • 

The tentacles are arranged either in one or several rows. 9 In some species they arc 
long and thin ; in others, Bhort and thick ; in most of them the tentacles and oral disc 
can be rctraeted^within the body; but in the genus Anthea, of which two British species 
arc known, they are always exserted. 

Tho Actiniadao arc exceedingly voracious in their habits, feeding upon almost any 
small animals that come within their reach. Shrimps and small crabs, whelks, and even 
sometimes small fishes, fall a ready prey to these apparently helpless creatures* In 
many cases the objects taken into their capacious maw appear to bear no proportion to 
the original size of the animal, or to its power of prehension. Thus Mr. Cocks, of Fal- 
mouth, found, in the stomach of a specimen of Ant/iea cereus, the remains of a fish four 
inches and a-half in length ; and in other cases h» met with crabs of two inches and a. 
quarter in diameter, in the same situation. Dr. Johnston also mentions «a case which 
was brought to his notioe, in which an individual of Actinia crassicornis had swallowed 
a valve of a scollop shell as large as a saucer. lie says — “ The shell, fixed within the 
stomach, was so placed as to divide it completely into two halves ; so that the body, 
stretched tensely over, had become thin and flattened like a pancate. All. communica- 
tion between the inferior portion of the stomach and the mouth was, of course, pre- 
vented; yet, instead of emaciating and dying of an atrophy, the animal had availed 
itself of what undoubtedly had been a very untoward accident, to increase its enjoyments 
and its chances of double faro. A new mouth, furnished with two rows of numerous 
tentacula, was opened up on what had been the base, and led to *tho under stomach. 
The individual had indeed become a sort of Siamese twin, but with greater intimacy 
and extent m its unions.” Tho objects swallowed as food are retained in the stomach 
for about twelve hours, when the indigestible matters are returned through the mouth, 
coated with a thick fluid, something like the white of an egg. 

Although so much more complicated in their structure than the Hydra, whose ex- 
traordinary history has already* been detailed, these animals possess a nearly equal, 
power of surviving and repairing'an amount of injury that would be fatal to moat other j 
creatures. Dr; Johnston says : — “They may be kept without food for upwards of * 
year ; they may be immersed in water hot enough to* blister the skin, or frozen in a 
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I mass of ice and again thawed ; and they may be placed in the exhausted receiver of 
the air pump, without being deprived of life, or disabled from resuming their usual 
functions when placed in a favourable situation.” The most serious mutilations appear 
to be equally subjects of perfect indifference to them; their tentacles may break off and 
new ones will soon spring up in the place of those which have been removed ; the 
whole upper par? of the body may be cut away, and after a time the base will produce 
n new mfiuth, oral disc, and tentacles, and proceed with its vital functions as if nothing 
liad happened to disturb the even tenour of its existence. Nay, it is said that if the 
whole body be tori& away, leaving only a portion of the base, this fragment will 
gradually produce a new creature. Still le£s docs the upper portion, when amputated 
in this fnanner, lose any fraction of its vitality. On the contrary, as soon as it has 
recovered from the shock naturally consequent upon such unceremonious treatment, it 
resumes its former activity, stretching out its tentacles and capturing • its prey, 
apparently quite unconscious that i.* has no stomach to put it into, —for at first all the 
food taken at the mouth passes out at the opposite end, “just as a man’s head, being 
cut off, would let out at the neck the bit taken in at the mouth. V The Actinia that 
has undergone the operation. of decapitation lias, however, one great advantage over 
the human subject who has been placed in the same predicament : this condition, which 
* is irremediable in the latte]* case, is only temporary in the more fortunate polype ; and 
just as the base develops a perfect oral surface in the place of that which it has lost, 
the latter, when left to itself, soon closes up the awkward gap in its lower regions with 
a new base, which retains the food in the digestive cavity, and adticres to submarine 
objects as firmly as its predecessor. In one recorded case?, the upper half, instead of produc- 
ing a new base, actually developed a second mouth, with its complement of tentacles ; so 
that a double polype was produced, which captured its prey at both ends at the same 
time. If the body be nearly divided perpendicularly, the two halves will unite again in 
a few days ; but if the section he complete, two perfect individuals arc produced, — so 
that a process which to most animals would he fatal, is here only a means of propaga- 
tion. An instance of the tenacity of Vfe of these creatures is related by Hughes in 
his “ Natural History of Barbadoes.” After describing the occurence in a rock-pool, 
on the coast of that island, of some creatures resembling the common garden m ary gold, 
which protruded themselves from holes in the rock, he says : — “ Many people coming 
to see these strange creatures, and occasioning some inconvenience to a person through 
whose grounds they M ere obliged to pass, he resolved to destroy the objects of their 
curiosity ; and, that he might do so effectually, caused all the holes out -of which they 
appeared to be carefully bored and drilled with an iron instrument ; so that we cannot 
hut suppose that their bodies must have been entirely crushed to a pulp ; nevertheless, 
they appeared in a few weeks from the very same places.” “Yet these creatures,” 
says I)r. Johnston, “ almost ‘indestructible from mutilation and injury, may be killed 
in a few short minutes by immersion in fresh water.” 

Not only do the larger fishes and^Crustacea retaliate upon the Actinioc the war 
which they wage with their weaker brethren, hut even man in many cases finds these 
zoophytes most delectable articles of food. By the Abbe Dicquemare, who many years 
ago communicated some excellent observations upon these animals to the Boyal 
Society, they seem to have been regarded as great delicacies. “ Being boiled some 
time in sea water,” says the Abbe, “ they acquire a firm and palatable consistence, and 
may then he eaten with any kind V>f sauce. They are of an inviting appearance, of a 
light shivering texture, and of a soft white and reddish hue. Their smell is not unlike 
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that of a warm crab or lobster.” Mr, Gossc also bears testimony to their excellence ; 
and an amusing account of his first culinary efforts upon them will be found in his 
delightful volume on the natural history of the Devonshire coast. 

The Zucernaridw , which form the seventh and last family, have been arranged by 
some authors with the Asteroid polypes, as, like these, they possess eight tentacles, or 
rather eight bundles of tentacles. Thty appear, however, to be mord nearly allied to 
the Actiniae than to the Asteroid polypes ; and in some of their characters they approach, 
the Medusae, which constitute the following class, so that in their natural position they 
ought probably to be approximated, as nearly as possible, to those creatures. The Luccr- 
naridve , of which several species arc found od the British coasts, arc campazyilatc animals 
of a gelatinous consistence, which generally adheite by a narrow stalk to sea-weeds or 
other floating submarine bodies. Thd anterior widened extremity forms an oral disc, 
which is either quadrangular or octangular in its form, the angles being more or less 
produced into pedicles, which bear numerous short, knobbed tentacles. When the disc 
is quadrangular, the pe- 
dicles are forked at some j? 

j little distance from their 
base ; so that there arc 

upon any minute ani- 
mals that may stray into 

when seeking for food, Fig. 49.— Lucernaria auricula, natural size, 

are stretched out to their 

full extent ; but as soon as any unfortunato creature comes in contact with them, 
they seize it, and fold it into the mouth immediately. Mr. Couch says that only 
the tuft which has seized upon a prey is turned into the mouth, tlie others remaining 
expanded and seeking for more. Although generally stationary, these creatures are 
able to swim with considerable rapidity, by alternately contracting and dilating the 
body. When moving in this way, they continue their contortions, according to 
Mr. Couch, until “ they meet with any obstruction, when they rest ; and if the situa- 
tion suits them, they fix themselves ; if not, they move on in the shme manner to some 
other spot.” In moving about to Bhort distances, as from place to place on the plant 
to which they arc attached, they adopt the sanjc plan as the Hydra:, bending down 
their oral extremity until they can adhere by the tentacles, when “ the footstalk is 
loosened and thrown forward, and twirled about, till it meets with a place to suit it. 

It is then fixed, and the tcntacula arc loosened, and in thA way*thcy move from one 
spot to another. Sometimes they move like the Actinia?, by a gliding motion of the 
stalk.” — Such arc the most active of the class of Polypes. We now proceed to a class 
of animals which enjoy freedom of motion to a much greatqf extent. 

Class II. — Discophora. 

General Characters. — In .walking along the sea-beach, as the tide is falling, the 
attention of the wanderer is often "attracted by the number of singular gelatinous masses 
left on the sqjids. At first sight it would never be susfJbcted that these are really living 
animals, endowed with a structure of considerable Complexity; but a very little exa- 


Fig. 49.— Lucernaria auricula, natural size. 
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minatiQn will soon show the observer that this is the case. If one of these lumps of 
jelly be put into a clear pool or basin of sea-water, parts,' before'eonfounded in a shape- 
less mass, immediately unfold themselves ; a circular umbrella-like disc, surrounded by 
numerous short filamentous tentacles, appears to support the creature at the surface of 

the water ; and from the centre 
of this hang four long arms 
with membranous fringed 
margins. This is the Medusa 
aurita (Fig. 50), the com- 
monest Medusa of our coasts, 
and must have been observed 
by any one who^has looked 
into the water froni a boat or 
jetty in calm weather. In 
f *• A the water the creature swims 

Fig. 50. —Medusa aurita. along most gracefully by the 




A, lateral view, showing the tentacles hanging down ; B, under alternate contraction and dila- 
surface. . 

tation of its transparent disc. 

All the animals of this class present a structure very similar to this. They all 
possess a disc of greater or less convexity, which is employed, in the manner already 
described, for the purposes of locomotion ; and in most of them the margin of this disc 
is furnished with tentacles or cirri. The disc, or umbrella, consists of two membranes, 
of which the lower is called the sub-umbrella . In the centre of this the mouth is 
situated, sometimes at the extremity of a peduncle of variable length, which contains 
the stomach, and in some cases also the ovaries. The mouth is most frequently furnished 
with tentacles. Some genera, although provided with a large peduncle or with tentacles, 
are said to possess no mouth, the nourishment being absorbed through a number of small 
pores scattered upon these organs, and communicating by minute tubes with the stomach, 
which, as is situated in the pcduuclo. Immediately above the stomach there is 

frequently a second cavity, whence a system of vessels takes its rise ; these run in a 
radiating direction fit>m the centre to the circumference of the sub-umbrella, where 
they arc united by a circular vessel. In some cases these vascular canals are branched, 
and sometimes they form a delicate net- 
work, which runs thrcKigh the whole body ' b r c -fr 

of the creature. When the supra- stomachal 
cavity is wanting, the vessels open imme- 

diately into, the stomach itself. They serve \ a J \ J s \ I 
to convey the products of digestion from \ / N/' \y 

the stomach to the Various parts of tho 1 1 If 

body, and at the same time expose it to the M 

action of the water through which the ani- * 

. nr. x x 1 . - . « Fig. 51.— Margin of Oceania octona. 

mal moves. Tho tentacles which generally _ . . , . . , . ..... 

„ _ ,, ® . . o, bases of marginal tentacles ; 5, otolitic vesi- 

surround tho mouth vary greatly in size cles ; c, ocelli. 

and form ; those of the margin are filiform 

and very variable in length. At the base the marginal tentacles (Fig. 51) terminate in a 
small bulb, in which the microscope reveals the existence of one or more minute cavities, 
which, from their structure, and supposed connexion with the faculty of hearing, have 
received the name of otolitic vesicles (5). They consist of an oval or roundish sac, con- 
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taining from one to nine, or even more globules. In addition to these, the bases of the 
marginal tentacles contain other organs, which also occur on other parts of the margin 
of the disc. These consist of small masses of pigment cells, each surrounding a minute 
silicious crystal.] From the analogy of .their structure they are regarded as rudimentary 
eyes, or at all events as organs by which a sensation analogous to vision is produced, 
and they have consequently received the* name of ocelli (c). In many species they are 
present in great numbers ; and in the more highly organized forms they arc more com- • 
plicated in their structure, and protected from injury by membranous hoods or cover- 
ings. Nevertheless, although the visual and auditory functions of these curious organs 
seem to be admitted on all sides, the existence of any approach to a nervous system in 
these creatures is still a matter of great doubt ; so\hat if the ocelli and otolitic Vesicles 
really perform the parts assigned to them, the perceptions conveyed by them to the 
animal must be of an exceedingly imperfect nature. 

The stinging power, which has already been rcfeited to as common to several groups 
of radiate animals, is possessed by many Medusa 9 in the highest perfection. The indi- 
cating organs in Pelagia noctiluca , os described by Professor Wagner, arc placed in warts 
or tubercles on the skin of the animal. These wails contain aggregations of small red 
pigment granules, amongst which there are numerous little round vesicles, the largest 
being about line in diameter. Within these* little capsules a spiral thread is to be 
seen, which bursts out of its case on the slightest pressure ; these barbed capsules are 
always found in the indicating mucus exuded in such quantities by the Medusa, to 
which they are considered to communicate this property. One or two, qt least, of our 
British species sting most severely, although others are perfectly harmless. Of the 
Cyancca capillata — a species common on the British coast — Professor Forbes speaks as 
follows : — “ The Cyancm capillata of our seas is a most formidable creature, and the 
terror of tender-skinned bathers. With its broad, tawny, festooned and scalloped disc, 
often a full foot, or even more across, it flaps' its way through the yielding waters, and 
drags after it a long train of riband-liko arms and seemingly interminable tails, marking 
its course when the body is far away from us. •Once tangled in its trailing 4 hair/ 
the unfortunate who has recklessly ventured across the graceful monster’s path too soon 
writhes in prickly torture. Every struggle but binds the poisonous threads more firmly 
round his body, and then thero is no escape ; for when the winder of the fatal net 
finds bis course impeded by the terrified human wrestling in its coils, he, seeking no 
combat with the mightier biped, casts loose bis envenomed arms aild swims away. The 
amputated weapons, severed from their parent body, vent vengeance on the cause of 
their destruction, and sting os fiercely as if their* original proprietor itself gave the word 
of attack.” This is a large species ; most of tho smaller ones appear to possess no urti- 
cating power, at least none capable of making an impression upon the human skin, 
although the Abbe Dicqucmarc “ has stated that certain species of bceania sting, though 
very slightly and only when they come in contact with very sensitive parts, such as 
the eyes.” Most of our readers will probably follow Professor Forbes’ example in 
refraining from the repetition of the worthy Abbe’s experiment, preferring “ keeping 
their eyes intact to poking Medusa into them.” It is from this stinging power that the 
Medusas have received the name of “ sea nettles,” which appears to have been applied to 
them in all ages and in all languages. The ancient Greeks called them AKa\rj<pau 9 or 
nettles — a name which was adopted into modem sciex^ifio language, to designate the 
class of animals to which the Medusa, belonged. 

The class Acalephce , of authors, includes not only the animal* of the present class. 
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but alstf those of the two following ; and the whole present so few characters in common, 
that Eschscholtz, in his work upon this department of the animal kingdom, was obliged 
to confess that the Acalepha could only be described as radiated animals, furnishefi with 
distinct organs of nutrition and motion. Ve have, accordingly, preferred following the 
example of some accent zoologists, who have abolished the class Acalcpha altogether, 
and raised the three orders into which those animals were divided to the rank of distinct 


classes. The phosphorescence of the Medusa has already been alluded to ; and wc shall 
not, therefore, recur to it in this place. 

But the most singular incidents in the biography of the Medusa arc the circumstances 
connected with their reproduction. r They arc all propagated by eggs, which the 
females (for these animals are unisexual) produce in glandular organs, sometimes 
arranged in bands or patches on the surface of the sub-umbrella, and sometimes In 
cavities at the base of the peduncle. But these ova, when excluded from the body of 
the parent, develop an animal quite different in form from that from which they sprang * 
and it is only in thb second generation 'that the original Medusa is reproduced. The 
eggs arc developed, to a certain extent, in small pouches, placed beneath the body, and 
in the arms of the mother, whence they arc not excluded until they have acquired the 


form of an active infusory animalcule (a in 
the annexed figure), furnished with cilia, 
enabling them to swim freely in the water. 
After a time, the little animal attaches 
itself by one extremity in some suitable posi- 
tion (b) y and awaits its further development. 



a h d 



9 1 . 


Fig. 52. — Development of Medusa. 


Arms are sewn formed at its upper extremity (c), and it now presents the appearance and 
takes its food in the ipanner* of a Hydraform polype. At this stage of its growth buds 
are often produced, just as in a true Hydra (d). The body now increases considerably 
in length, and becomes constricted, or divided by wrinkles of the surface into numerous 
segments {e) ; these become more and more distinct, their edges become notched, and 
at length the animal resemblbs a pile of jagged saucers placed one upon another, and 
surmounted by a crown of tentacles (/). At length these separate (y), and swim about 
like little Medusa ; and, after undergoing some changes, they acquire the form and 
colouring of the common Medusa aurita of our coast/?? So completely do what for 
want of a better term we must ca? 1 the preparatory states of these animals, resemble 
Hydroid polypes, that their connexion with the Medusa has only been qufte recently 
discovered ; and the species just referred to has been described under the name of Hydra 
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Forb'es says, “ the assumption of definite regularity in the alternations is a secondary 
and non-essential one, and true, probably, when disturbing conditions arc not at work. 
But numerous observations . , . show that under peculiar circumstances, in hat may 
be called unnatural situations, the polype generations may go on continually producing 
polype generations ; and those of Sars and myself, on the other hand, that a Medusa 
generation may go on producing Medusa generations ; although, under normal condi- 
tions in each instance, there is every reason to suppose that zoophytic and Medusa 
forms would have regularly alternated/' At least four British species of Medusae (tw o 
of IAzzia and two*bf Sarnia) have the pqwer of producing young animals by direct 
gemination, and their development^ from a zoophytic form has not yet been observed. 
In IAzzia and Sarnia gemmifera the buds are produced from the stomachal peduncles *, but 
in the other species of Sarsia (S. prolifer a ) they originate from the bulbs at the* base of 
the tentacles, where they may be seen attached in all stages of development. u What 
strange and wondrous changes !” says Professor Forbes, after detailing his observations 
upon the last-mentioned minute Medusa. “ Fancy an elephant, with a number of 
little elephants sprouting from his shoulders and thighs, bunches of tusked monsters 


hanging, epaulette-fasliion, from his flanks, in every stage of advancement ! Ilcrc a 

young pachyderm, al- 



Fi&. 54. — Development of Sarsia. 


most amorphous ; there 
on© more advanced, but 
all cars and eyes ; on the 
right shoulder a youthful 
Chuny, with head, trunk, 
toes, no legs, and a shape- 
less body ; on the left, an 
infant better grown and 
struggling to get away, 
but his tail not suffici- 
ently organized as yet to 
permit of liberty and free 
action ! The comparison 


1. Sarsia gemmifera. a, the peduncle, with hurts in various stapes of seems grotesque and ab- 
development. 2. The base of the tentacle of Sarsia prolifera. a, , 
tentacle ; b , occllutj ; c c c t young buds ; rf, a nearly mature bud. sura ; out it really ex- 
presses what we have 


been describing as actually occurring among our naked-eyed Medusae. It is true that 


the latter are minute ; but wonders arc not the less wonderful for being packed into 


small compass/’ 

Wonderfully bepitiful <v as arc these creatures in form and colour, the amount 
of solid matter contained in their tissues is incredibly small. The greater part of their 
substance appears to consist of a fluid, differing little, if at all, from the,sca-watcr in 
which the animal swims ; and when this is drained away, so extreme is the tenuity of 
the membranes which contained it, that the dried residue of a “jelly fish,” weighing 
two pounds, which was examined by Professor Owen, weighed only thirty grains. 
Yet these creatures are capable of executing movements with considerable vivacity, — 
their disc contracts and dilates alternately by the action of a band of what must bo 
regarded as a muscular tissue, t — their tentacles are capable of seizing upon and de- 
stroying, by a subtle venom, animals of far more complicated structure than themselves, 
and their delicate stomachs have the power of speedily digesting the victim. In fact, 
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♦in spite of the extreme delicacy of their texture, the Medusae are amongst the mos 
voracious inhabitants of the ocean. Small fishes, and Crustacea, and all tho infinite 
multitude of minute marine creatures, are seized and paralyzed by their deadly arms ; 
and as the mouth and stomach arc capable of almost indefinite dilatation, the size of 
their prey often appears exceedingly disproportionate. Of the voracity of one of the 
most delicate and beautiful of the small Medusae inhabiting the British chores, tl\c 
Sarsia tubulosa , a little creature of the size and shape of a very small child’s thimble, 
Professor Forbes speaks of as follows : — “ Being kept in a jar of gait water with small 
Crustacea, they devoured these animals, so much more highly organised than them- 
selves, voraciously ; apparently enjoying the destruction of the unfortunate members 
of tho upper classes with a truly democratic relish. One of them even attacked and 
eomnlcncsd the swallowing of a Lizzia octopunctata , quite as good a Medusa as itself. 
An animal which can pout out its mouth twice the length of its body, and stretch its 
stomach to corresponding dimensions, hnust, indeed, be 6 a triton aipong the minnows,’ 
and a very terrific one too.” Mr. Peach has described, in the u Annals of Natural 
History,” a case in which a specimen of Thaumantias lucifera had seized the head of a 
Sagitta , a very active molluscous animal, and suffered itself to be turned completely 
inside out rather than let go its hold. r 

Divisions.— Much still remains to be done to the subordinate classification of these 
animals. Prof. Forbes divides the Medusa; into two great divisions, which wc shall adopt 
as orders. In the first of these, 
the ocelli, or eye-like spots, 
surrounding the margin of the 
disc are naked (Fig. 55, 1); 
whilst in the others these or- 
gans are protected by more or 
less complicated membranous 
hoods or lobed coverings (Fig. 

55, 2). Hence the former are 
colled Gymnophthalmata (or 
naked-eyed), the latter Slegan- 
ophthalmata (or covercd-cycd). 

In the former tho ocelli, when 
present, are always placed on 
the bulbs at the base of the 
tentacles, and frequently also 
on the interstices between these. In the second group, on tho contrary, they aro always 
placed between tho marginal tentacles. ” 

Order I. — Gymnophthalmata. 

General Characters. — In addition to the simplicity in the structure of the 
ocelli, we find that it is characterized by a similar simplicity in the arrangement of the 
vascular system. The vessels running from the stomach to the margin of the disc are 
cither perfectly simple, forming so many straight bands, dividing the body of the animal 
into from fpur to eight perpendicular segments, or Merely branched at some distance^ 
from their origin; each branch, however, running directly to the margin without uniting 
in any way with its fellows. The disc in some species is considerably depressed ; in 
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others, and indeed in the majority, it is more globular, or even somewhat cylindrical in 
its form* The tentacles and ocelli are often very numerous, although no more than 
four of each exist in some species. The animals of this order are further characterized 

by their mode of reproduction, as they are all, as 



far as wq know at present, produced by actual 
gemmation from Tubularian and Scrtulorian 
polypes. 

Divisions.— Professor Forbes, in his work 
upon the British species of this order, to which 
*we are so largely indebted, divides this group 
into six families, characterized principally by the 
number and position of the vessels and ovariee. The 
first of these, tho Sarsida*. , includes, together with 
several otVcr genera, tho Sarsics and Lizzies^ already 
mentioned as producing young Medusas by gem- 
mation from their central peduncle and from the 
base of the marginal tentacles. In these the ova- 
ries are imbedded in the substance of the peduncle. 
Tliey havo four simple vessels, and generally 
only four tentacles, each bearing an ocellus at their 
base. In IAzzia , the margin of the umbrella hears 
eight bulbs, each' containing an ocellus ; of these, 
four arc larger than the others, and to each of 
these three tentacles are attached ; the other four 


56.— Modceria formosa. bear two tentacles each. In Modeeria , although 

there arc hut four tentacles, an additional ocellus 


is placed between each pair. The Modeeria formosa , of which we have given a figure, 
is one of the most charming of these charming little creatures. 

In the sccpnd family, tho Ocryonidce , the vessels are also simple and four in number ; 


but the ovaries, of which there are also four, 
instead of being imbedded in the peduncle are 
placed in the course of the vessels on the sub- 
umbrella. The tcntiicles vary greatly in num- 
ber. In some species there are only four of 
these organs, each bearing an ocellus ; in others 
the number of both organs is increased, until 
in the TJ&umantias pilosella , of which a magni- 
fied figure is hero givenf, there are about a 
hundred principal extensible tentacles, spring- 
ing from ocellifcrous bulbs ; whilst in each of 
the intervals between these, six or seven shorter — Thaumantias pilosella. 

fibres or secondary tentacles are placed. Different species of Thaumantias aro most 
important agents in producing the luminosity of the European seas. 

The third family, Circeidee , includes only a single genus, of which the few species ore 
scattered over very distant parts of the world. One is ftfund on the coast of Kamtschatka, 
two on the African coasts, and t. fourth has been discovered by Professor Forbes off the 
Shetland Isles. In this there are eight radiating vessels, and eight ftmall ovaries 
plaeed on the sub-umbrella in the course of the vessels. 






THE STXGANOFTHAIACATA. 


257 


• In the JEgruoruk r, amongst which are included some of the largest species of naked- 
eyed Medusae, the Teasels are simple and generally numerous (never less than eight) ; 
and tSe ovaries are linear, and placed on the course of the ves- 
sels on the sub-umbrella. Two British species of this family 
are described and figured by Professor Forbes ; but the species 
are more numerous in warmer latitudes. 

The Medusae, composing the fifth family (the Oeeanidc s, Fig. 

58), are amongst the most delicate and beautiful of the class. 

They consist of a little conical or globular glassy body, \pthin 
which a variously coloured peduncle may be se^u. The lower 
margin is fringed with tentacles which vary greatly both in num- 
ber ajid colour. They possess four simple vessels ; and the ovaries 
are placed in the upper part of the stomachal peduncle, in the form 
of convoluted membranous tubes, ighich render themselves 
noticeable through the clear substance of the* animal by their 
brilliant colour. In TurrtSj one of the genera of this family, 
the tentacles are exceedingly numerous ; whilst in another 
genus {Saphenia), their number is reduced to two. # 

The sixth family, Wilhidce, is distinguished from all the 
rest by the branched form of the rauiating vessels. These are 
six in number. After running some little distance from the 
centre of the sub-umbrella, they fork ; and each of the branches 
again forks before reaching the margin ; so tliat the marginal 
vessel receives the terminations of twenty-four radiating ves- 
sels. From the point of junction of each of these, a tentacle 
takes its rise. There are six ovaries placed round the base of 
the stomach. 

Order II. — Stegano^hthalmata. 

General Characters. — The Medusas of this order are distinguished from those 
belonging to the preceding by several other characters besides thofco already described. 
The vessels, instead of running straight from the centre to the circumference of the disc, 
are variously branched, and their branches unite, more or less, with each other before 
reaching the margin. The margin of the disc is divided into cijfbt principal segments 
by a similar number of notches, in each of which an ocellus is placed. The intervals 
between these notches are also frequently notchcd once, twice, or even more frequently ; 
and from these points the tentacles generally take their rise. The generative organs 
are attached to the base of the peduncle, where this exists, or placed around the base of 
central tentacles where the peduncle is wanting. But few observations have been 
made upon the development of these animals ; those whose progress has been traced are 
found to be produced by the spontaneous transverse division of a Ilydraform polype, 
which itself has arisen from the egg of the pfcrent Medusa, (Fig. 52, p. 252). Many of 
these animals attain a gigantic v stature, when compared with the minute and delicate 
creatures of the preceding order ; the Rhizostoma Cuvier a British species, measuring 
two feet, or even more, in dian^eter ; 'whilst some of the inhabitants of tropical seas are 
said to attain a still larger size. • In calm weather they often swim, close to the surface 
of the sea ^ in such multitudes as to impede the mSxion of a boat through the water. 
Such a fleet as this, seen with the sun shining stfongly upon them, is a ma gnificen t 



Fig. 58. 

Ooemnia episoopalis. 
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spectacle, from the beautiful iridescence with which the sunlight is reflected to the eye * 
of the beholder. With the approach of night this scene of beauty only gives pjace to 
another; for these Modus ee are as luminous in the dark as their smaller brethren. 

Divisions. — This order includes two families. The Medusidm have a central mouth, 



Fig. 59.— Pelagia cyanella. 


surrounded by four tentacles, and the remainder of 
their organs arranged in fours, or multiples of four. 
The margin of the disc is also generally furnished 
with tentacles. Several of these inhabit the British 
seas. The Medusa aurita , already figured (p. 250), 
the Pelagia cyanella , of which the annexed (Fig. 59) 



Fig. 60. — UuizosLoma. 


is a representation, and the Cyancea capillata, tlic account of whose urticating powers 
we have given in the words of Professor Forbes, may serve as examples. 

In the second family, the Rhizostamidce y there is no apparent mouth, and the animal 
is said to derive its nourishment by a species of absorption through numerous minute 
canals which permeate the stomachal peduncle and tentacles. The latter are usually 
branched, so as to be apparently rather numerous at the extremities. The margin is 
never furnished with tentacles. One species of this family, the Rhizostoma Cuvieri (Fig. 
60), is found on the IJritisb coasts. 

Class III.— Ctenophoila. 

General Characters. — We now come to a class of animals, the real nature of 
which is still to he made out. They are gelatinous transparent creatures, generally of 
an oval form, enabled to swim freely by the action of variously arranged rows of cilia. 
The body of these Animals has so much more of the bilateral than of the radiate 
typo in the arrangement of its parts, that their place amongst tho Badiata has been 
disputed; and M. Vogt has placed them in the neighbourhood of the Bryozoa , or 
Molluscoid Zoophytes, as low forms of Mollusca. Tho radiate arrangement of the 
bands of cilia in most cases, and still more the presence of urticating organs in the 
tentacles, may justify our retaining them for the present in this position. 

The cilia in the bands arc arranged in transverse lines, and the cilia of each line are 
frequently united at the base, so as to form minute lodes, which are moved rapidly to 
and fro, and thus enable the creative to swim backwards and forwards, or in any other 
direction, at pleasure. Numerous <? and minute as those organs are, each of them appears 

h '■ „ * 
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• to be individually under the control of the animal. When in action they produce the * 
most beautiful iridescent colours, so that it is easy to detect the means by which the 
creafure varies its course, — now paddling with one, and now with another, of its mimic 
wheels. The mouth leads sometimes immediately, sometimes through a narrow canal, 
into a largo stomach, which opens ££jain into a funnel-shaped cavity at the opposite 
extre mi ty of the axis of the body. In the neighbourhood of the mouth these is gene- 
rally a pair of very long, branched tentacles, capable, however, of being contracted to 
an extraordinary extent ; these, when contracted, are usually received into a pair of 
cavities or sheathes, placed close to the stomach, where they lie coiled up, until again 
wanted for the capture of prey. The rudimenf of a nervous system, consisting of a 
single ganglion, giving off a few branches in various directions, is said to exist in these 
animals; and a sort of vascular system, 
apparently for tho conveyance of 
water, rising from tho anal funnel,* 
runs along the course of the bands of 
cilia. The vessels are lined with a 
ciliated epithelium, and are probably 
to be regarded as respiratory organs. 

The mode of reproduction of the Cteno- 
phora is still enveloped in mystery. 

They arc supposed to be hermaphro- 
dites, and ova have been found in the 
neighbourhood of the aquiferous ves- 
sels ; but where these are produced is 
not yet ascertained. These singular 
animals form but one order, which is 
divided into two families. 

The Beroida , which form the first 
family, may almost be said to possess 
no true stomach, the body being so 
formed asf to inclose a great cavity, of 
which the hinder portion serves as a 
digestive organ. When the animals Fig. Gl.— Bero&Panctata. 

have much food in this cavity, they constrict the middle of the body so as to prevent 

any of it from escaping. The body is oval or 
roundish, with eight rows of cilia running from end 
to end of the body (Fig. 61). The month is large 
and opens and shuts wjth facility ; it is generally 
held open when the creature is in motion. The 
tentacles are wanting in this family. 

The Callianirtdce are distinguished from the 
preceding family by the small size of the stomach 
and mouth, and by its possession of filamentous ten- 
tacles. The little Oydippe^ already figured (p. 228, 
Fig. 23), which is common in the JBritish seas, is a 
good example of t his group. The most singular of 
Fig. 62. Cestum Veneris. these animals is the Cesium Veneris , or girdle of., 

Venus (Fig. 62), which inhabits the Mediterranean* and which at first Bight would be 
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taken for anything rather than a near relation of the little globular Cydippe. In this ' 
curious creature the sides of the body are produced into a long ribbon, which fome- 
times attains the length of four or fire feet ; the mouth and digestive organs being, 
however, confined to their original position in the middle of the body. This animal is 
one of the most beautiful inhabitants of the ocean. When in motion its waving cilia, 
which are^placed along all the margins of the body, glitter with all the tints of the 
rainbow ; and at night it appears like a long waving flame in the water. 


Glass IV. — Siphonophora. 

The * Stphonopkora form another group of animals, of which we have still much to 
learn before their true natue and relations can be ascertained ; and it is probable that, 
as our knowledge of them increases, it will be found impossible to include thfem all in 
the same class. They are divided into two orders — the Chondrograda and Physograda. 

i 

Order I. — Chondrograda. 

These animals are called Chondrograda from the circumstance that the circular or 
oval disc, of which their body is composed, is supported upon a somewhat cartilaginous 
plate, which sometimes even contains & calcareous deposit ; the lower surface of this 
disc is furnished with cirri, many of which are tubular. The cartilaginous plate is 
Bomewhat cellular in its texture, and the cells are filled with air, which assists the 
: animal in floating on the surface of the water. In the middle of the lower surface of 
the disc there is a larger tubular, tentaclc-like organ, which has been taken for the 
mouth by some observers ; by others, for the orifice of the aquiferous system. This 
central opening is surrounded by many smaller ones, the offices of which are as 
uncertain as those of the principal tube. Many of these creatures are exceedingly 

beautiful, blue being their pre- 
vailing colour. In Porpita, one 
species of which is found in the 
Mediterranean, the disc is sur- 
rounded by a beautiful fringe of 
tentacles ; but the most remark- 
able structure is presented by 
the Velella (Fig. 63), in which 
an oblique upright crest is de- 
veloped upon the upper surface 
of the disc, serving as a sort 
of sail to waft the little mariner 
from place to place. One spe- 
cies of this genus is foj^nd on the 
coasts of Ireland. 

Order II. — Phtsograda. 

The characteristic of the animals forming this order is, that they are furnished with 
a vesicular organ containing air, which serves as a float to buoy them up in the water. 
They are divided into two families, , In the first, the Phy taluks, the animals are com- 
posed of large vesicular gelatinous bodies, bearing on their lower surface a quantity of 
vermiform tentacles and suckers, intermixed with filiform tentacles of great length. 



Fig. 63.— Velella. 
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The float consists of two bladders, placed one within the other ; the inner one is com- | 
pletelgr closed, and filled with air ; the outer possesses a crest at its upper part, which 
serves, like the sail of Velclla, for its propulsion whilst floating at the surface of the 
water. The tentacles can also be retracted within this outer bladder at the pleasure of 
the animal. The best known of these animals is the Physalia attantica , which has 
received from our sailors the name of the Portuguese Man-of-War. They swhn in greqt 
crowds at the surface of the water, and possess a very strong urticating power. 

The animals forming the second family, the Diphyida , are ^compound creatures, 
whose structure has always been a fertile source of diJbussion amongst naturalists. 
They have recently formed the subject of several excellent papers from thg pen of 
Mr. Huxley, who considers them to be nearly allied to the common fresh-water polype 
{HyUra ) whose singular history has already been described. In their simplest form 
they consist of two transparent pieces, one or both of which contains a cavity, by the 
contraction of which they are propellefl through the water. The 
union between these pieces is very slight ; and, when detached, 
each piece moves independently for a considerable time. Prom 
this circumstance they have been regarded as two distinct 
animals, which, however, are always found ^inserted into the 
cavity of the other. They have been divided into numerous 
genera ; the characters of which are principally derived from 
the form of the component pieces. They frequently, however, 
assume a much more complicated appearance. The larger or 
including individual produces, from the bottom of its cavity, a 
slender stalk, which is continually increasing in length, and 
from -which new polypes are produced at the portion nearest 
the original polype. In this manner a chain of polypes is 
formed, each presenting a considerable resemblance to its 
original parent, and each also exerting a certain degree of 
independent movement; although the superior power of the largo 
parent qpimal always determines the direction in which the 
whole mass shall move through the water. In some of these 
animals (as Stephanomia ), the complication becomes most extra- 
ordinary ; but it would be impossible, in our confined space, to^ 
give an intelligible description of the varied and wonderful 
forms of these animals, which are to he met with in most 
seas, although they are most abundant in those of warm climates. 

Class V. — Echinodermata. 

General Characters* — The Echinodermata , the fifth and Inghest class of animals 
included J>y naturalists in the Radiate division, exhibit a considerable advance in com- 
plexity of structure over the simple gelatinous creatures which we have hitherto had 
under consideration. They are at once distinguished from these by the structure of 
their skin, which, instead of the delicate membranous texture, so characteristic of the 
other Radiatdy presents a more or less leathery consistency, and always contains a 
larger or smaller amount of a calcareous deposit, which frequently increases to such an 
extent as to form a complete shell or crust inclogm^ all the soft parts of the animal. 
The skin is also destitute of the curious urticating organs (thread cells) which are 89 
constantly present in all the other animals of this ^vision. The amount of the calca-> 



Fig. 64.— D iphyea. 
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roous deposit in the skin varies greatly in the different animals composing the class. 
In some (as the Holothurice) it forms small irregular grains, scattered, not very plen- 
tifully, through the substance of the skin ; in others, as the Star-fishes ( Stellerida ), it 
constitutes plates of various forms, fitting closely to one another, but only connected by 
the agency of tho* true skin ; so that although* the body is completely encased in a 
sjlit of calcareous armour, every part of it still retains considerable flexibility. In 
others again, as the Sea-eggs or Sea-urchins ( Echinida ), these plates are positively 
united together, forming a continuous shell, within which all the organs of the animal 
are inclosed. JTpon most of^these calcareous plates tubercles are to be seen, which 
serve fox*the articulation of moveable^spines, often of considerable size. These assist 
the animal in its motions ; and it is from theif almost universal presence that 
name of the class (Echinodcrmata, — echinos a spine, and derma skin) is derived. 

In their form the Echinodermata jrary greatly. They generally present a radiate 
arrangement of their parts, with great /iistinctrfoss ; some, of which the well-known 
Star-fish of our coasts may be taken as an example, actually assuming the form of star. 
In tho globular Sea-eggs, also, the same stellate structure may be observed ; but it 
appears to be almost lost in the worm-like Holothuriee (Fig 71), in which, however, 
the tentacular crown, surremnding the # anterior extremity, still presents a radiate 
appearance. 

The organs of motion are very similar throughout the class ; they consist of a mul- 
titude of minute feet, called ambulacra , which arc protruded through a number of 
perforations left 'for this purpose in particular plates (hence called ambulacral plates ), 
or through the interstices of the calcareous pieces composing tho covering of the animal. 
The structure of those minute organs is very interesting. In their most perfect form 
they are vermiform tubes, furnished at their extremity with a distinct sucking disc, 
■which is stretched to its proper form by a small calcareous ring. The tube communi- 
cates through its aperture with a small vesicle containing fluid, situated within the 
shell ; and it is by the contraction of this, and the consequent propulsion of the fluid 
into the cavity of the tube, that the extension of the ambulacrum is effected. 

The walls of these little feet are all composed of two muscular coats, pn inner 
longitudinal and an outer circular one ; and it is by tho action of these that the 
ambulacra ore enabled to move about in tho water in search of some object to which 
to attach themselves. ^ The longitudinal muscular coat also serves to contract tho 
organ as soon as the "relaxation of the vesicle allows the fluid to flow* back from the 
cavity of the tube, when, if the terminal suckers are attached to any fixed object, 
the body of the animal is of course drawn in the direction of the contraction. The 
combined action of a number of ambulacra is, however, necessary to move an animal 
of a bIzo so out of al^ proportion to its diminutive legs as au ordinary Star-fish or 
Sea-egg. One of these creatures in motion is a most interesting sight. The littlo 
suckers are extended in every direction, often to such on extent that they appear only 
like thin semi-transparent hairs. At length one fixes, then another and another, until 
at last a number of them, all* contracting together, drag their unwieldy owner a step 
forward. By means of these organs both the Star-fishes and the Urchins can creep up 
the surface of glass with great facility ; and so firmly do they adhere, that the animal 
may be broken away, leaving his limbs sticking to the glass. 

The existence of a nervous sys^p in the Echinodermata is generally admitted by 
zoologists. It is said to consist of a series of ganglia, or knots of nervous matter sur- 
xojmdmg the oesophagus, united by a nervous ring, and giving off a set of nerves to 
■■■■ , , . . - — . — — - , .... 
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•each ray of the body (Fig 2). The presence of special organs of sense is very doubtful. 
The sense of touch is evidently exercised by the ambulacra, which are also employed in 
seizing prey. Some red spots, which occur at the extremities of the arms of Star-fishes, 
and on the upper surface of Sea-eggs, have been called eyes by some observers, but 
apparently with but little ground. # * • 

In their digestive organs the Echinodermata exhibit a very decided superiority over 
the other Racliaia . They all possess a distinct intestinal canal, generally with two 
openings, one for the reception of food, the other for the discharge of fsecal matter. 
The relative position of these apertures varies greatly in^he different groups. In tho 
worm-like forms (. llolothuruz ), and some Sca-urdpns, they are placed at opposijp extre- 
mities of the axis of the body ; in the other groups both open on the lower surface. 
TiX5*arrai£gemeut of the intestine is also subject to great variation. In the Holothurm 
it is bent twice upon itsolf into a form somewhat resembling the letter S ; in the Star- 



Fig. 65. — Anatomy of Echinus, o, mouth, surrounded by the teeth and jaw*, e, e*; 6, oesophagus; 
s, stomach, or first portion of the intestine ; *d t intestinal tube ; e, ovary ; /, /, ambulacra! 
vesicles; g, g, shell. 

fishes the mouth opens directly into a large stomach, surrounded with smaller sacs, 
which arc often branched, and in some cases extend far Into tlffe arms ; whilst in the 
Sea-eggs the intestine is very long, and wound round in the body (Fig. 65). Some of 
tho lattcr’animals are furnished with an exceedingly complicated masticating apparatus, 
which has often been described under the name of tl^e “ lantern of Aristotle.” It 
consists of a curious framework of Y-shaped calcareous pieces, bearing, at their anterior 
extremity, five hard triangular teeth. The animals possessing this apparatus feed 
principally upon vegetable matter, whilst those which are destitute of nasticating 
organs derive most of their nourishment from minute Crustacea and the other marine 
animals of which the shells are often found in greShrUumbers in their intestines. 

All the Echinodei'mata are furnished with very* distinct organs of circulation, con- 
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« sisting df a heart or corresponding organ, and a complicated system of Teasels. Respira- 1 
tion is effected, in some cases, by means of branchi© ; in others, b)r the introduction of 
water into the general cavity of the body. They are also furnished with peculiar 
canals, serving for the conveyance of water to different parts of the body, — especially to 
the vesicles at the .base of the ambulacra. 

The sexes, contrary to the rule which we have seen to prevail in the lower JRadiata , 
mfe always separate. The ova, when impregnated, become converted into ciliated 
embryos, which, breaking through the egg-shell, swim freely about in the water. The 
changes which thes(f undergo in their progress towards maturity are exceedingly 
remarkable ; add although our space forbids us from describing these with any minute- 
ness, a stort account of them is necessary to complete the natural history of the Echino- 
dermata. The metamorphosis in question has been most fully observed in Star-fiSfflfes 
and Sea-urchins ; and it is to these that we must direct our attention. The ciliated 
embryo, after its exclusion from the egg-shell, i^.of a globular form ; tliiB is converted 
into an irregular heuahedron, which gradually increases in height until it forms a four- 
sided pyramid. In the centre of the base of this pyramid is seen an opening, — the 
mouth, — which leads into a stomachal sac. It also contains four or more slender 
calcareous supports, running from one extremity to the other, and projecting at the 
base in the four-pointed spines. The little animal still moves by the action of cilia 
which are particularly numerous along the courso of the calcareous supports. 

At a later period of its development the larva acquires a still more pyramidal 
form ; and the processes of the calcareous supports are surrounded by lobes bearing 
the cilia. In this state it was long regarded as a distinct animal, and described 
under the name of Pluteus, But the most remarkable part of this metamorphosis 
consists in the fact that this larva docs not become actually converted into the perfect 
Echinoderm, but that the latter sprouts, as it were, from this embryonic form, of which 
scarcely a trace remains in the mature animal. This is effected in the Ophinra by the 
following process : — Small sacs first make their appearance in the interior of the larva, 
surrounding the mouth ; these gradually gro w out of its substance, unite, and thus 
represent the diso of the Star-fish. After a short timo the new animal forms a mouth for 
itself ; having hitherto derived its nourishment through the mouth of the larva. The 
arms now begin to sprout ; and soon afterwards the first commencement of the calcare- 
ous skeleton makes its appearance, in the form of little reticular grains, in the substance 
1 of the young animal, The further development goes on in the same manner, until at 
last the larva is*3&st off altogether, and the young Ophiura presents the form of its parent. 
It still, however, possesses cilia, by means of which it swims about for a time ; but 
these afterwards disappear. The only part of the larva that remains in the perfect 
animal is the* intestine, which, of course, is greatly modified. The point at which the 
connection was broken fiff between tjie larva and its developed bud is always marked by 
a plate of a peculiar character. 

The JSchinodcrmata are found in all seas, creeping slowly along the bottom fcy means 
of their curious little feet. In earlier periods of the world's history they appear to have 
been still more numerous and diversified in form than in the present day ; one entire 
order, which played a most important part in the earlier stages of the formation of our 
planet, being now all but extinct. 

Divisions.— The Echinodermata are divided into four orders. In two of theso the 
body is more or less flattened or disfi&lu in its form, and usually furnished wit^ five or 
more arms. These in the first order, the Crinoidea, are slender, and formed of complete 
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Calcareous rings or cylinders, — whilst in the second, the Stellerida, the calcareous 
covering of the arras is composed of separate plates. In the third order, the Eehinida , 
the calcareous plates have become united into a regular shell ; and the fourth includes 
the worm-like forms, the Holothurida . * 

Order 1. — Chjnoidra. 

General Characters. — The Crinoidea, or Sea-lilies — so called from the rcsem-* 
blance which many of them present to flowers (Fig. 66) — were exceedingly abundant 
in former ages of the world ; and their remains often formsthe 
great bulk of large masses of rock. During the wjiole or a part 
of their existence, these animals are* attached to submarine 
boai6S*by longer or shorter stalk, composed of calcareous rings 
similar to those of which the arms are composed. The body 
is of a cup shape, its lower convex surface — to the centre of 
which the stalk is attached — being composed of calcareous 
plates, whilst the upper disc is closed by coriaceous skin. In 
the centre of this is the opening of the mouth, and to one side 
the anus. The arms spring from the edges of the cup. They 
are either five or ten in number at their origins, ’although often 
branched higher up, formed of cylindrical or bead-like calcare- 
ous joints, furnished with slender jointed appendages, or cirri, 
one on each side of every joint ; and, as the whole of these 
organs are exceedingly flexible, they are of the greatest importance 
to the animal in the capture of its prey. 

Divisions. — An exception to this general structure is pre- 
sented by the Cystocrinidcc — a fossil family which only occurs 66 -~~ ElACrinU8 - 

in some of the oldest formations. In these the body is round or oval, and entirely 
composed of numerous calcareous plates. They were attached by a short flexible 
stalk, the mouth was situated at the centre of tht> upper part, which projects a little I 
from the general surface, with the anal opening a little to one side of it.* 

The family Encrinidce, or the Sea-lilies , includes an immenso nuxflber of fossil forms 
(Fig. 66) ; and one or two are still to be found in the West Indian seas. These animals 
were all supported upon a long stalk, at the extremity of which they floated in the waters 
of those ancient seas, spreading their long arms in every direction A> search of the email 
animals which constituted their food. Each of these arms, again, was feathered with a 
double series of similarly jointed appendages ; so* that the number of separate calcareous 
pieces forming the skeleton of one of these animals was most enormous. Ij has been 
calculated that one species, the Pentacrinus Briareus, must have been composed of at least 
one hundred and fifty thousand joints; and “ as each joint,'* according to Dr. Carpen- 
ter, “ was furnished with at least two bundles of muscular fibre— one for its contrac- 
tion, the other for its extension — wo have threo hundred thousand suoh in the body of 
a single Pentacrinus — an amount of muscular apparatus far exceeding any that has been 
elsewhere observed in the Animal Creation." 

A furrow runs along the inside of the arms, oovered with a continuation of the akin 
of the disc ; and from this the # ambulacra are protruded, as in other Echinodermata . 

The third family, the Comatulidee, or Hair-stars, includes a considerable number of 
animals, whiph bear a great resemblance, both in form lnd structure, to the Encrmid * . 
They are, however, only furnished with a stalk during'their young state, and on arriving 
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at maturity they quit their attachment, and crawl about frocly at the bottom of the water* 
in the some as other Star-fishes. The body is flattened, and covered with 

separate calcareous plates ; the lower, or ventral surface, bears the mouth and anus; and 
t-lifl ten slender arms are often branched to such an extent as to appear very numerous. 
They are furnished throughout their length with slender jointed cirri, similar to those 
«of the JShcrinidaB, by the assistance of which, and the short ambulacra, the Hair-stars 
are enabled to grasp any object firmly, and creep about on submarine plants with 
great ease. f 

In their young state, tHb Comatula exactly resemble the animals of the preceding 



Fig. 67. — Comatula. Mg. 68. — Young of Comatula 

(Described as Fentucrinus Kuroptsus). 

family, being supported upon a long flexible stalk, formed of calcareous cylinders. So 
close is this resemblance, that when first discovered the young of Comatula was 
described as a •Pentacrinus. These animals are tolerably numerous in the seas of the 
present day, wheroHhey constitute, in fact, the principal representatives of their order. 
In the earliest ages of the world, their place was taken by the fixed Encrinidee ; and the 
free Comatula do not make their appearanco in any formation earlier than the J urassic 
strata. 

Oadee. II. — Stellehida. 

General Characters. — The second order, the Stelltrida y is composed of animals 
with a flattened and more or less pentagonal body, usually bearing five arms of 
variable length, which, however, are not distinctly separated from the body, as in 
the Crinoidea t and into which processes of the stomach are usually continued. The 
mouth opens in the centre of the lower surface of the disc ; and the anus, when present, 
is always situated on the back. In the neighbourhood of the mouth of the animals of 
this and the following order, some curious prehensile organs are always to be found, 
which, from the peculiarity of their structure and actions, have been regarded as inde- 
pendent parasitic organisms, and described as such under the name of Fedicellaruz . They 
stand upon little tuberclos, and consist of a long calcareous stalk, which bears at its 
extremity a singular forceps of three or four pieces. These are continually opening and 
closing, apparently for the captiSre of floating particles of food; and, singularly enough, 
they continue their movements ef en after the death of the animal. The skin is coria- 
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ceous, and the calcareous matter is deposited in it in separate plates, which allow con- 
siderable flexibility to the whole body ; along the lower surface of each arm runs a 
very distinct furrow, from which the ambulacra are protruded. 

The true Star-flshcs do not occur in the earliest fossilliferous formations. They first 
make their appearance in the Muachelkhlh, and continue increasing in numbers in the 
more recent strata. In our present seas they are exceedingly numerous, both iif species • 
and individuals ; so much so, in fact, that some species, on the coast of Normandy, are 
commonly used as manure. • 

Divisions. — The Stellerida are usually divided into threft families. The first, the 
Euryalida . or Gorgon’s Mead, present a considerable resemblance to the animals f>f the 
preceding order ; the arms being distinctly separated from the body, and the internal 
organs *cnti#ely confined to the disc, which is of a roundish form. The anus is want- 
ing ; the arms have no furrow on their under surface, are always much branched, and 
usually furnished with cirri, producing the confuted and tangled appearance which has 
caused them to be compared to the Gorgon’s head, with its snaky locks. These animals 
are principally found in the tropical seas, although some Bpecics exist even in the icy 
waters of the Arctic regions. They are all rare. • 

In the second family, the Ophiitrxda , so called from the ih semblance of their arms 
to serpents’ tails (Gr. Op his a snake, our a a tail), the body forms a roundish or somewhat 
pentagonal disc, furnished with five long simple arms, which, like the branched organs 
of the preceding family, have no furrow for the protrusion of the ambulacra. The 
Ophiuridtc are exceedingly plentiful in all our seas, and their remains oefeur in all the 
more recent marine strata of the earth's crust. 

We come now to the family (the Asteridce) of which the common Star-fish (Fig. 1), 
so abundant on our coasts, is an example. In this family the arms appear to be merely 
prolongations of the disc ; they are usually five in number, and the plates from which 
the ambulacra are exserted arc placed in deep furrows, which run along the lower Bin- 
face of the arms. In some species the armB arc very short ; and in others the animal 
forms a flat pentagonal disc, with five ambulacraf furrows excavated in its lower sur- 
face. In tye centre of this the mouth is situated, and the ramifications of the stomach 
extend to a greater or less distance into the arms. Most of the species of this family 
possess an anal aperture ; but this is wanting in some. 

OuDBB. III. — EcHINTDA. 

General Characters. — In this order the development of calcareous matter in the 
skin attains its maximum. The plates, instead of .being distinct, as in the Star-fishes, are 
firmly attached to each other, forming a convex shell, more or less compile, which 
prevents all flexion of the body of the animal. This shell ^presents two openings, a 
mouth and an anus ; the latter is generally situated at the top of t£e shell, opposite to 
the mouth, g.nd is surrounded by moveable plates. The division of the animal into five 
parts is as distinct here as in the Star-fishes, notwithstanding the total absence of arms ; 
the holes through which the little sucking feet are protruded being arranged upon five 
rowB of plates, which usually run from the centre of the top of the shell to the angles 
of the oral opening ; or, when they are confined, as is sometimes the case, to the dorsal 
surface, they form a distinct fivo r rayed star surrounding the apex of the shell. The 
modo in which tho capacity of thd shell is increased, js exceedingly curious and interest- 
ing. It is entirely covered by a skin of greater or less thickness ; and, it appears, that, 

* From Euryale , one of the G&gous. 
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in spite of the close proximity of the edges of the plates, there is yet room for the passage 
of a minute layer of «1rin through all their interstices. It is in this that the deposition 
of calcareous matter takes place, so that, instead of adding fresh matter to the shell only 
at the oral aperture, as in the Mollusca, the animal increases the size of its domicile in 
proportion to its* growth, by continual additior-s ®to the edge of every plate of which it 
is composed. New plates are also often added in the neighbourhood of the superior 
orifice. Next to this peculiarity in the form of the shell, the most striking character of 
the Echinida consists in tho numerous spines, frequently of large size, with which the 
shell is covered. These afe articulated to the numerous tubercles presented by the sur- 
face oi tho shell ; the base of the sp\ncs being hollowed for the reception of the convex 
surface of the tubercle. In consequence of this mode of attachment, the spines jkjsscss 
a considerable power of movement ; and, for this purpose, they are furnished with 
bands of a musc ular nature, — and in some species they arc even attached to the 
tubercles by a roqpd ligament inserted into t*ie base of the spine and the apex of the 
tubercle, and resembling in many respects the ligament of the hip-joint in man. These 
spines appear to be used as locomotive organs ; they also serve to bury their owner in 
the sand when circumstances require this concealment ; and some species appear, by the 
same means, to excavate Hbllows even f in hard rocks. 

Divisions. — The Echinida are divided into four very distinct families. In the 
first, the Sea-eggs ( Cidaridat ), tho body is nearly globular (Fig. 69), with the mouth 
n the middle of the under surface, surrounded by a naked or warty skin. The anus lies 
in the middle* of the dorsal surface opposite the mouth, surrounded by a rosette of 

curious plates, which form 



the orifices of the generative 
apparatus. It is in this 
family that the masticatory 
apparatus attains its highest 
development, presenting the 
complicated form represented 
in Fig. 6f5. The ,{imbulacral 
spaces run from the mouth to 
the anus ; and the intervening 
plates arc covered with tu- 
Dercles and Bpincs, the latter of 
which are* sometimes several 
inches in length, and as thick 
as a man's finger. These 
animals inhabit the seas of all 
parts of the world ; and some 
species are used rs food, even 
on the European coasts of 


the Mediterranean. 


The animals of tho second family, the Clypeastrida, have the body of a somewhat 
discoid form ; the shell is very thick, and covered with small tubercles, from which 
short, thin, hair-like spines take their rise. The mouth is situated in the middle of the 
lower surface, and is armed witik ''-masticatory apparatus less complicated in its struc- 
ture than that of the preceding fapiily ; but the anus, instead of being placed on the 
of the shell, opens on its lower surface a little behind the mouth. The apex of 
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tile shell is occupied by the genital plates ; and the rows of ambulacra form a fire-rayed 
star suijounding these, on the dorsal surface of the shell. 

The Ccusidulida, forming the third family, are of a roundish or oral form, generally 
convex, and covered with very fine spines. 

The mouth is placed in the middle °/ the lower surface, with the? anus behind it, 
sometimes on the margin. But these animals are especially distinguished front the two 
preceding families by the total absence of any masticatory apparatus in the mouth. 
This is equally deficient in the fourth family, the SpatangidcBfShigeish. animals, which 
are usually found imbedded in sand, and with their intestines full or the same savoury 
and nourishing substance : taken in, no doubt, fsr the sake of the minute pvticles 
of organic matter which it might have contained. They are usually of a heart-like 
form, Vith jibe mouth at the anterior margin of the lower surface, and the anal orifice 
on its posterior margin. The ambulacra are generally confined to the dorsal surface, 
where they form four or five rays, and the surfacg of the shell is covered with fine hair- 
like spines, amongst which a few of larger size may bo distinguished.* 

Order IV. — Holotiiurida. 

General Characters. — In the fourth and last order tjie body acquires a worm- 
like form, thus apparently leading us towards the lower groups of the next division. 
The radiate structure is in fact scarcely recognisable in these animals, except in the 
arrangement of the tentacula which surround the mouth. The body is always more 
or less elongated, with the mouth at one end and the anal opening at the other ; the 
calcareous deposit in the skin is reduced to scattered granules ; and in one family the 
ambulacra are entirely wanting. 

Divisions. — This order is divided into two families. The first, the Synaptida, 
are characterized by the total absence of ambulacra, the motions of the animals being 
assisted by peculiar 
anchor-like processes 
of the calcareous 
grains, which project 
from the Iskin, and 
roughen the surface 
of the animal. 

In the llolothurid <2 
(Fig. 70), on the con- 
trary, the ambulacra, 
although short, ex- 
actly resemble those of 
the other Echimdcr - 
mata in their struc- 
ture and action. The 
mouth is surrounded 
by a ring of calcareous plates, serving for the attachment of the longitudinal muscles, 
by which the contractions of the body are effected. These animals inhabit the 
seas of most parts of the world. Some of them are eaten even by European popu- 
lations; and the Trepang ( Holothuria edulis) is an article of luxury amongst the 
Chinese. 

This animal, which is very abundant on the north toast of New Holland, is collected • 
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there" by the Malays in large quantities, dried and packed up in bags for the Chinese 
market. The Malays and Chinese meet at the Island of Macassar, where the principal 
trade in this delicacy is carried on; and the quantity annually brought to that {Jloce by 
the fishermen is said to amount to upwards of four hundred tons. The price varies 
according to quality, from eight dollars to one hundred and fifteen dollars per pecul 
(133lbs.) 

The Echinodermata conclude the series of animals generally termed Radiata by 
zoologists ; but it is probable that further researches will show the necessity for great 
modifications in this part of zoological classification. There appears to be little to 
connect the liard-skinned Echinoderms with the delicate gelatinous animals composing 
the other four classes ; and Mr. Huxley has already proposed to* form these into a sepa- 
rate group, denominated, from the constant presence of thread cells, KematopJbora . 
The Echinodermata would then be regarded as aberrant forms of the articulate division ; 
a view to which the study of theif metamorphosis lends considerable support. 


Division III.— Artictjlata. 

Great as is the diversity of forrp and structure presented by the Radiata , the 
animals forming the present division perhaps exceed them in this respect. So great is 
this diversity, in fact, that it is almost impossible to give any common characters which 
shall positively include the whole ; and some of the most eminent modem zoologists 
have proposed the establishment of a separate division to include the lower forms. By 
this means, however, the difficulty is lessened rather than got rid of altogether ; for, 
although a tolerably coherent group is thus obtained for the higher forms, the lower 
ones still vary to such an extent, that a very loose character is necessary to enable them 
to be united in a single group. We shall, however, adopt these sub-divisions, as they 
may tend to render this part of our subject more intelligible. The general characters 
of the division have already been ghyn at sufficient length (p. 198). 

Subdivision I. — Vermes. 

General Characters .-—The animals of the first sub-division, the Vermes or Jlel- 
mintha , are usually of a very elongated form ; and in the higher groups the division 
of the -body into a number of segments is very distinct ; whilst in some of the 
lower forme this general characteristic of the articulate series is quito unrecognizable. 
The segments, when present, are generally mere repetitions one of another ; and the 
appendages with which they are frequently furnished follow the same rule. 

The nervous system, which, in the parasitic groups ( Entozoa ), is, as might be expected, 
in a very rudimentary condition, gradually increases in complexity ; until in the Anne- 
lida or true worms, it consists, as in tho most highly endowed Arttculata , of a ventral 
series of ganglia, united by nervous cords, and communicating with a nereous mass of 
considerable size (brain) situated in tho head. In proportion to this gradual elevation 
of the nervous system is the development of the different organs of the body. This is 
especially remarkable in the case of the lateral appendages, which ore entirely wanting in 
the lower groups ; but in the Annelida they make their appearance often in a very com- 
lplicatedform, such as branchial and natatory plates, qffd jointed bristles serving as feet. 
In none, however, do they presr-nt*the peculiar structure of the limbs possessed by the 
other Articulata the construction of which will be described in the proper place. 
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• Divisions. — The Vermes may be divided into four classes, which are generally 
distinguishable by their external appearance. Of these, the first two are for the most 
part parasitic, living in the interior of other animals, few of which, in fact, are exempt 
from the visits of these unwelcome guests. Of these, the first, the Flat-worms ( Platt / - 
elmia ) have the body flattened, and generally more or less ovate and leaf-like ; those 
present the greatest divergence from the articulate type. In the second, the Ne\patelmia, 
or Round-warms , the body is usually elongated and cylindrical, and the division into * 
segments is often indicated by annulations of the skin. The other two classes are 
composed principally of aquatic animals. ^ few are terrestrial in tffeir habits, but none 
are parasitic. One of^ these, the Rotifer a, or Whfel Animalcules , includes a nugiber of 
minute creatures furnished with a paij; of ciliated organs at their anterior extremity ; 
wliil&t the Annelida, t or true worms , have the body distinctly divided into segments, 
generally furnished with lateral appendages, and with a well developed nervous system* 
The blood, in this last class, is also generally of ji red colour. 

Class I. — Platyelmia, 

General Characters. — The study of the Entozoa , or internal parasites, from the 
nature of their habitations, is perhaps not one of the most attractive branches of Zoology ; 
yet few animals can present a better claim* to our notice, from the circumstance 
that many of them find their natural residence in our own bodies, and in those of our 
domestic animals, where they often do us a great amount of injury. They have a still 
stronger claim to the attention of the scientific zoologist, from the nqmber of points 
connected with their natural history, which still remain to be cleared up, and from the 
wonderful nature of those portions of the history of their development, which have 
been revealed by the recent researches of some of our most eminent naturalists. 

By far the greater number of the Platyelmia pass the whole or the greater portion 
of their existence inclosed within the bodies of other animals, of which few are without 
species of these parasites peculiar to themselves. Some species, however, live in the 
water, where they swim about freely by means of cilia. They all, however, have the 
body much flattened, and usually of a more or less ovate form, without any traces of 
segmentation ; the only exception to this rule being presented* by the Tape- worms, in 
which, as is well known, the body is of great length, and composed of a multitude of 
similar joints. We Bhall see, however, on studying the development of these animals, 
that the exception is more apparent than real ; for it appears tha& the Tape- worm may 
be regarded as a compound animal, each joint being capable of a certain amount of 
independent existence. 

The nervous system consists of a pair of ganglia situated in the anterior extremity 
of the body, and giving off two slender filaments, which run down each* side of the 
body. No special organs of sense have been found in th£ parasitic species ; but those 
which live free in the water have several dark spots, each containing a distinct lens, 
placed dole to the central ganglia, and these are considered to be true eyes. With the 
exception of the cilia of the aquatic forms, no organs of ^motion are to be met with in 
the Platyelmia, The parasitic speoies are generally furnished with hooks or suckers for 
maintaining themselves in their position ; but their movements are almost entirely con- 
fined to a muscular contraction and dilatation of the body. 

Divisions. — The Flat-worms are divided into three orders, of which two are com- 
posed of parasitic, and one of free-swimming AiiJlals. They may be regarded as 
forming two groups or sub-classes, of which the «second is distinguished by the poa* 
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session of cilia ; the others being destitute of these organs. The two parasitic orders 
are the Geatoidea, or Tapt-worm* y with long, usually jointed bodies ; and the Trematoda, 
with short, elliptical, or discoid forms. 

Order I Cestoidra. 

•* # 

General Characters. — The general appearance of the animals belonging to tho 
‘ order Cestoidea is well shown in the annexed figure, which represents the common Tape- 
worm of the human intestines. The body is composed of numerous joints or segments, 
each exactly resembling eaph other ; these ue often several hundreds in number, and 
the animal sometimes attains a length of upwards of ten feet. The skin is exceedingly 
soft and tender, and the muscular system ppssesses very litfio energy ; so that the 



movements of tho animal are confined within very narrow limits. Its anterior extre- 
mity is formed by a small head, furnished with hooks and suckers, by means of which 
the animal anchors itself to the intestines of its victim ; it also contains the rudiments 
of the nervous centre, the filaments given off by which only run through a few of the 
first segments. The animal appears to possess no mouth or digestive organs ; so that 
it must derive* its nourishment entirely by absorption through the skin. On each side 
of the body runs «. long vessel, passing through all the segments ; these r are united 
at each articulation of the body by a transverse vessel. Each segment contains both 
male and female sexual organs ; and when these have arrived at maturity, the segment 
is cast off to seek %Jkiew place in which its ova may be developed. For this purpose 
the joints, when cast off, arc endowed with a considerable power of motion, and 
will live for several days when placed in favourable circumstances. In some cases 
they have been observed to develop peculiar organs, which they do not possess in 
their compound condition. The orifices of the sexual organs are placed at one side 
of each segment, and thes^ apertures are placed alternately on both sides of the body 
of tho animal. 

The development of those animals presents some of the most remarkable ‘phenomena 
that have yet been discovered in the natural history of animals. Some curious para- 
sitic worms are found, not in the intestines, but in the solid tissues of many 
herbivorous animals, which, from the structure of the head, have always been ranged 
in the neighbourhood of the Tape- worms, although their bodies, instead of being drawn 
out to an enormous length and divided into numerous segments, arc composed almost 
entirely of a simple bag of fluid.* ** 

Some of these parasites are simple, — that is to say, the sac bean only a single head ; 
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jn other cases they develop a multitude of these organs, sometimes from the internal, 
sometimes from the external surface of their walls. These worms were long regarded 
as for&ing a distinct* order of parasitic animals ; but recent experiments have shown, 
that when they are administered to particular carnivorous animals with their food, the 
vesicle of fluid is cast off, the head attaches itself, 
and gradually develops the long jointed body of a 
true Tania . The observations were first made 
upon the Cystic worms which inhabit the liver of 
the mouse and rat ; these, when given # to cats, 
were found to produce in their intestines Taenia s 
of the species usually infesting those animals. 

Experiments have since been instituted upon Cystic 
worms frdm different species of herbivorous ani- 
mals, and these all produce Tape-worms of different? 
kinds when introduced into the bodies of carni- 
vorous animals. The administration of mature 
segments of Tape- worms to the herbivorous species, 
has also been found invariably to produce a development in the tissues of their organs 
of the corresponding Cystic worms ; so that w a may consider it a well-established fact, 
that the ova of the Cestoid worms are not, as a general rule, developed in the same 
species of animal which is infested by the mature Tania . 

But, it may be asked, how docs the embryo Tan ia find its way frpm the stomach 
of its host, through the various tissues of its body, until it reaches the particular organ 
in which its development is to be carried on ? This subject is still enveloped in a 
certain amount of obscurity ; but some recent researches of Professor Van Beneden 
appear to throw a little light upon it. That zoologist observed that the embryos of a 
Tania found in the intestines of the common frog, were furnished with six spinous 
organs, of which two were straight, and the other four slightly hooked at the 
extremity. By an action of the four-hooked spkies, very similar to that of the arms of 
a man when swimming, the little creatures wore enabled to push themselves through 
the broken tissues of their parent ; the two straight spines assisting to pierce a passage, 
and, no doubt, maintaining them in their position whilst the hooks were brought up for 
a fresh stroke. In this maimer, as Professor Yan Beneden observes, they would have 
no difficulty in penetrating any tissues, or in reaching any pa# of the body of the 
animals appointed for their further development. • 

Professor Yan Beneden appears to consider that the history of the Cestoid worms 
affords another instance of an “ alternation of generations ” analogous to that of the 
Medusa , referred to at page 252. In this view the Cystic worm (Scolex V. B.) corres- 
ponds with the simple Hydraform polype ; the compound 9 animdl known as the Tape- 
worm ( Strobile V.B.), with the elongated polype in process of division ; and the mature, 
separate si^mcnt ( proglottis ), with the perfect sexual Medusa. 

An exception to this general rule appears, however, £o be presented by the tape- 
worm of the human subject; at least, it is not easy to understand bow the Cystic 
worms could withstand the heat usually employed in cooking our animal food. Becont 
experiments have shown that the administration of adult proglottides of Tania solium 
to pigs, produces a great development of the Cysticereus cellulosa (Fig. 72) ; but in 
what manner this parasite can be introduced into tie human organism is still unknown. 
The Cystidrcus cellulosa is also found in the tissues of the human body. 


a 



Fig. 72. — Cyaticereus Cellulos®. 
a, head enlarged. 
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TSVo species of Cestoid worms inhabit the human intestines— the Tecnia solium and 
the Bothriocephalus latus . The former is the ordinary Tape-worm^ the second occurs only 
in particular countries, — in Holland, Poland, and Switzerland.* In the Cystib form 
some of these worms do great injury to domestic animals ; one of the most noxious is 
the so-called Gosjiurus cerebralts , inhabiting the brains of sheep. Many other inter* 
esting facts are connected with the history of ttese animals ; hut our space forbids us 
* from entering into further details. 

Order II. — Trematoda. 

General*- Characters. — These,, animals, which are all parasitic, present some re- 
semblance to the individual segments of which the Cestoid worms are composed. They 
are usually of an elliptical or oval form, and very flat ; the skin is soft, but usu all y 
contains a number of calcareous granules. The whole body is very contractile. At one 
or both of its extremities it is funlished with suckers to enable it to adhere firmly to 
its host, and at i'a anterior extremity with a mouth. At a little distance from the 
mouth the narrow intestinal canal usually divides into two, which mostly terminate 
in blind extremities ; in some cases, however, the two intestines meet towards the 
hinder part, so as to form a complete circle. All these animals are hermaphrodites, 
and the history of their development .presents many points of almost equal interest 
with those exhibited by the Cestoid worms. 

Bi-visions. — They form three families. In the first, the Distomidas , the animals 
possess two suckers, of which the anterior contains the mouth. Of those the Fluke 
(. Distoma hepaticum ), which infests the livers of sheep, is a well-known example. 
Other species live in the intestines, the brain, and even the eyes, of other animals. 

The animals of the second family, the Tristomidce , arc furnished with three suckers ; 
two small ones at the anterior extremity, between which the mouth is situated, and a 
larger one at the hinder extremity. These worms principally infest the gills of fishes, as 
do also those of the third family, the Polyxtomidcr., characterized by the presence of several 
suckers at the hinder extremity of the body, whilst the anterior extremity is either 
entirely destitute of those organs, or only possesses a small one, in which the mouth is 
situated. This family includes tlio singular IHplozoon paradoxutn — an animal which 
appears to be compounded, like the Siamese twins, of two perfect individuals, each 
containing precisely the same organs. 

Order III. — Planarida, 

This order includes most of the‘ free Platyclmia. These animals are of an oval or 
elliptical |orm, and very commonly furnished with an extensible proboscis, springing 
from the ventral surface, and leading into a largo digestive cavity, which gives off 
numerous ramifications into the substance of the body, but possesses no anal opening. 
These animals are of a gelatinous consistency, and enjoy such a power of self-contrac- 
tion that they can reduce their whole substance to the form of a lump of jelly, in which 
condition they occasionally force themselves rather disagreeably upon the notice of 
incautious water-cress eaters. They inhabit both salt and fresh water, where they 
swim about rapidly by an undulating movement of the body, in the manner of a leech, 
and creep with great ease upon stones and aquatic plants. They are generally of small 
size, hut exceedingly voracious. Like the polypes, which they resemble in their 
gelatinous nature, they appear to "be capable of almost endless increase, f by the way 
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which might be expected to lead to their destruction. Sir J ohn Dal yell, in his observa- 
tions on these animals, speaking of the black Planaria [Planaria nigra), says that “ it is 
privileged to multiply its species in proportion to the violence offered to its otherwise 
delicate frame. It may almost be called immortal under the edge of the knife. 
Innumerable sections of the body all become complete and perfect animals. If the head 
be cut off; a new head replaces it ; if the tail be severed, a new tail is acquired.” Still 
more remarkable was an instance of spontaneous separation of the head of one of these 
animals, which took place under the eyes of the same obseiver. 

In South America, Dr. Darwin observed some terrestrial animals which approached 
the Planaria very' closely in their characters ; the^ lived amongst rotten wood* upon 
which they appeared to feed, and were marked on the back with stripes of bright 
colours. 

The family of N enter tidcc, or Ribbon-worm*, must be referred to in this place, as it 
probably forms the type of a fourth ordc$ of Platvelmia . It is composed of animals with 
elongated ribbon-like bodies, possessing a protrusible proboscis, af distinct nervous 
system, and a digestive canal with a distinct anus. As far as we know at present, the 
sexes are on distinct individuals. Amongst these one species, the Jlorlasia , inhabiting the 
coasts of France and England, attains a length of upwards qf fifteen feet. This tremen- 
dous worm remains coiled up during the day finder stones, going about at night in 
search of prey. 

The Turbcllaridaz also — a family of minute worms inhabiting both salt and fresh 
water — appear to belong to this order. Like the preceding animals, they possess an 
intestinal canal with two openings, and the sexes appear to be separate. The classifi- 
cation of these creatures is still, however, involved in great obscurity ; and much still 
remains to be done before it can be brought to a satisfactory condition. 

Class II. — Nematelmia. 

General Characters.— The animals belonging to this class are of a more or less 
elongated, cylindrical form, with the skin much thicker and stronger tljfin that of the 
preceding parasitic worms, and generally wrinkled in such a manner as to give 
the body an annulatcd appearance. The nervous system, in the higher forms, consists 
of a pair of ganglia, situated in the anterior extremity, and united by a slender nervous 
ring, which Burrounds the oesophagus ; from these, two filaments take their rise, and run 
through the whole length of the body. In the lower orders no undoubted nervous 
system has yet been recognised. As far as ouj* present knowledge goes, the Round- 
worms are unisexual ; the males, which occur far more rarely than the females, are 
always smaller than the latter, and usually present distinct copulative organs. * No such 
extraordinary metamorphosis as that which wc have seen tcP prevail amongst the flat 
worms occurs in the development of these creatures, which, however, are as yet but 
imperfectly known. They not only inhabit the intestines of other animals, but many 
species are also to be met with in the interior of completely closed organs, to which 
they must have obtained access in their earliest stages. 

Divisions. — The Nematelmia form tlirec very distinct orders,— the Aeanthocephala , 
which possess a proboscis armed with a formidable apparatus of hooks, but are apparently 
destitute of an alimentary canaV, the Gordiacea , long thread-like worms, with an 
intestinal canal, but without an anus ; and the Kemttluidka, in which a perfect intestinal 
canal exists. 4 
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Order I, — Acanthocephala. 

This order, which includes only a single genus, is composed of parasitic worms often 
of considerable size, which find their habitation in the intestines of various animals, 
especially fishes’. One species in particular, the largest in the order, is common in the 
intestines of swine, where it sometimes attains a length of eighteen inches. The body 
is thick, and divided into rings by a series of transverse wrinkles ; the bead is armed 
with rows of reversed spines, which not only serve to fix the animal in its abode, but 
also enable it to bore through the intes liner of its unfortunate victim, who sometimes 
falls p. sacrifice to this propensity* of his uninvited guest. These creatures appear to 
possess no alimentary canal ; their nourishment is entirely obtained by absorption 
through the skin, beneath which is a curious areolar structure, which 4 is probably 
subservient to this purpose. 

OrdfA II. — Gordiacea. 

The Gordiacea , or Hair worms , arc at once distinguishable by the extraordinary 
length of their bodies (Fig. 73), which frequently present a close resemblance to a horse- 
hair ; so close, indeed, that in former 
times the popular belief ascribed their 
origin to the introduction of horse-hairs 
into the water in which they are found. 

These animals live as parasites in the 
bodies of various species of insects, to 
which their size is often so dispropor- 
tionate, that when the worm is coiled up 
within the cavity of an insect's body, scarcely any space is loft for the internal organs of 
its unfortunate host. Dr. Baird has recently described a species of Gordius from the 
common violet Ground Beetle ( Cardbus violaceus ), an insect scarcely an inch in length, the 
worm being upwards of eleven incheS ; whilst other species, of which the victims are 
unknown, attain a length of about three feet. When mature they quit the bodies of the 
insects, at whose c^pe'nse they have been nourished, and seek some piece of water or moist 
situation, where they deposit their ova in long chains. At this period they sometimes 
suddenly make their appearance in vast numbers in particular spots, giving rise to 
reports of worm rains. It seems probable that the evolution of the young proceeds to 
a certain distance in the situations where the eggs are deposited ; but when, or in what 
manner, they afterwards obtain access to their destined victims, is still unknown. One 
of the most singular circumstances connected with their history is, that if, by any 
chance, on breaking out of their insect-home they find that dry weather has produced 
a state of things incompatible with their notions of comfort, they quietly allow them- 
selves to he dried up, when they become perfectly hard and brittle ; hut, strange to say, 
the moment a shower of rain comes to refresh the earth with its moisture, the dormant 
Gordii immediately recover their activity, and start off in search of a suitable place in 
which the great object of their visit to solid earth may be effected. 

Order III. — Nematoidea. 

With the exception of one family, all the worms* included in the order Hematoidea 
are parasitic in the bodies, and^pnncipally in the intestines of other animals ; they are, 
in fact, amongst the most common and the most injurious of Hntozoa . In the form of 
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tlleir bodies they frequently resemble the common Garden-worm, although some are 
much mere elongated, and often taper to a very fine point at one end ; the skin is more 
or less wrinkled, giving them an annulated appearance. These are unmistakably the 
highest forms of intestinal worms ; they present a distinct nervous system, an ali- 
mentary canal, furnished with a mouth* and an anal opening, and distinct sexual organs. 
The history of the development of these animals is but imperfectly known. It ’appears 
probable that in many cases a different' situation is required for the evolution of the 
young, to that inhabited by the mature animals ; for at certain periods the latter, appa- 
rently impelled by some wandering instinct, quit the intestines, either *by allowing 
themselves to be carried out along with discharged matters, or by actually ttoring 
through the walls of their habitation info the tissues beyond them. The object in the 
latter c&ses appears to bo the deposition of their eggs in the blood-vessels of their host ; 
at least, a species found in the frog deposits its ova in this situation. The young 
animals appear to be carried by the circulation to some position putable for their 
development, when they inclose themselves in a minute capsule or cyst amongst the 
tissues of the body, and remain at rest for some time. On breaking out of this capsule 
they find their way to the intestines, where they remain until their instincts prompt 
them to imitate the example of their parents. 

This order includes the common Ascaris , or Round-worm of the human subject, as 
well as the little Thread- worms [Oxyuris) which are often so troublesome to children. 
These are rarely injurious, unless present in great numbers. Far different is the case, 
however, with the Stronyylus gigas, a worm sometimes attaining a length of two or three 
feet, and the thickness of a man’s little finger, which usually inhabits the kidneys of 
swine, but sometimes finds its way into the same organ in man. This tremendous 
worm, by destroying the organ in which it has taken up its abode, is said not unfre- 
quently to cause the death of its host. 

This order also includes the dreaded Guinea-worm ( Filaria medinensis) y which 
appears to occur in most parts of tropical Africa This worm lives in the cellular 
tissue beneath the skin, and between tho muscles of man, confining its attacks 
principally, though not exclusively, to the lower extremities, wljprQ it often produces 
considerable pain. It is said occasionally to attain a length of twenty or thirty feet ; 
but its average length is five or six. It is extracted by winding it very slowly upon 
some object, an operation in which great care is said to be necessary, as if the worm he 
broken its fluids produce a very painful effect. When arrived at maturity .»the Filaria 
comes to the surface, where it breaks to pieces and sets free the innumerable young 
with which it is crammed. 

In this order we also place the Anguilhdidce , the so-called Eels of paste an<? vinegar. 
These arc minute, thread-like worms, exhibiting distinct digestive and generative organs, 
which occur often in great numbers in putrefying substances. 

Class III. — Annelida, 

General Characters. — The Annelida , in general, pi'esent a more complicated 
organization than any of the preceding animals ; the division of the body into segments 
is usually distinctly recognizable, and the segments are almost universally furnished 
with external appendages, which are sometimes jointed. The majority live in water, 
or in damp situations ; a very few only are parasitic. *in .Jheir habits. 

The head* in most of these animals is distinctly marked, and furnished with organs 
of Bense, such as eyes, tentacles, and in 6ome instances auditory vesicles, containing 
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otolithcs. The nervous system, in the higher forms, exhibits the articulate type of 
structure very distinctly ; it usually consists of a series of ganglia running aLng the 
Ventral portion of the animal, and united by a pair of slender filaments, by which they 
also communicate with the central mass, or brain, which is inclosed in the head ; this 
is composed of two ganglia, united by a ring s-ui'rounding the oesophagus. In the lower 
forms tfic nervous system approaches that of the preceding classes. 

The lateral appendages, which serve principally as organs of motion, are very 

u Dorsal ijrch Dorsal oar 


Dorsal member 



Bristles 


Ventral member Ventral arch Ventral oar 

Fig. 74. — Transverse section of an Annelide (Amphinomr). 

variable in their structure and arrangement, sometimes occurring on all the segments of 
the body, sometimes only on the anterior or on the middle segments ; sometimes four 
and sometimes two in number on each segment. They usually 
consist of lobes of skin, furnished with bundles of bristles of 

b — -^^||\ very various forms, and witli jointed cirri or tentacles (Fig. 

74) ; they also commonly hear the respiratory organs, or 

e bronchi© (Fig. 7*5). In some Annelida , as the Leeches, no 

trace of external organs is to be seen ; whilst in others, as the 
t — Earth-worms, they arc reduced to a few bristles, which assist 
1 — — . * s the animal in its progress through the earth. It is to he 
observed, however, that even in the highest Annelida the 
Fig. 75.— Foot and bran- jointed cirri are always easily distinguishable from the limbs 

chia of Eunice. 0 f the second section of the Artieulata . 

b bruuclusi ; c , cirrhus ; . .... 

/. bristle tuTt; i, ventral The digestive apparatus consists of a straight intestine, 

cirrhus. running through the body from one extremity 'to the other. 

The mouth is usually armed with jaws, and the opposite extremity of the intestinal 
canal always terminates in an anal opening. The vascular system is also very 
distinctly developed^ and the nutritive fluid is usually of a red colour, sometimes green 


or yellow. 

The sexes are usually distinct, although a few — as the Leeches and Earth-worms— 
are hermaphrodites ; but even in these self-impregnation does not take place. Some 
Annelida appear to propagate also by spontaneous division ; and many of them can re- 
produce parts lost by accidental injury. 

Divisions. — The Annelida may be divided into two groups, characterized by the 
presence or absence of external respiratory organs. The abranchiate Annelides include 
two orders,— the Suctoria , or Leeches, characterized by the possession of a sucking disc 
at the posterior, and usually also tot the anterior extremity ; and the Seoleeina 9 or Earth- 
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worms, in which these suckers are wanting, but which are furnished with a double 
row of ©bristles along Jthc under surface of the body. The branchiferou3 group is also 
divided into two orders,— the Tubicola } the animals composing which form a tube for 
their habitation, and the Errant ia , which enjoy no such protection. 

OnDF.lt I. — Sttctoma. 

General Characters. — The animals belonging to this order, of which the common 
medicinal Leech (Fig. 76) is a familiar example, are characterized bjfthc total deficiency 
of any lateral appendages ; their motions being ellbcj;cd by undulations of'th'e body^vhilst 

swimming, or by tho 
alternate attachment 
of the sucking discs 
with which the two 
extremities of their 
bodies ^ are usually 
furnished. They all 
appear to live t>y 



Fig. 76. — The Common Leech (SnnguiBugn Officinalis). 



sucking the blood of other animals ; and, for this purpose, the mouth of the Leech is 
furnished with an apparatus of homy teeth, by which they bite through the skin. In 
the common Leech three of these teeth exist, arranged in a triangular, or rather tri- 
radiatc form, a structure which accounts for the peculiar appearance 
of leech bites in the human skin (Fig. 76, a). Each of these teeth 
has a minutely serrated edge (Fig. 77), which, when worked back- 
wards and forwards in contact with the sldn, soon saws it through, 
when the teeth are retracted, and the blood is then pumped from 
tho wound by the alternate dilatation and contraction of the muscular 
oesophagus. In the CUpsinidcc this structure disappears, giving way 
Fig. 77 — Tooth of to a protrusible proboscis. TJte intestine is of very large size, and 
the Leech. usually extends on each side into short blind sacs oik processes, the 
distension # of which, during the actrf suction, must necessarily increase its capacity. 
Inspiration appears to bo performed by a system of aquiferous canals, lined with cilia, 
which open externally, by a series of minute orifices, on each side of the body. The 
vascular system is well developed. Nearly all these animals are hermaphrodite. The 
deposition of the eggs is attended with some very singular circumstances. At the 
period of oviposition, a peculiar gelatinous band is produced round the anterior part of 
the body near the orifice of the generative organs,, which is situated in this part. The 
Leeeh lays its eggs in this gelatinous matter; and when all are deposited it withdraws its 
body from the band, which then closes up, and forms a conflate cftpsule, within which 
the eggs are inclosed. It appears, from a statement of M. Fremond, that (in addition 
to these capsules, or cocoons, as they are called, containing a number of ova) the Leech 
also sometimes produces a “ compound egg, formed of a transparent membrane, full of a 
liquid, in which little globules soon begin to appear ; these globules are, in fact, so 
many germs of Leeches, and during development take the form of little worms, which 
soon leave the egg by an opercular hole at its extremity 

The nervous system in the* Suctoria is usually well developed ; and the anterior 
sucking disc bears a row of eight or ten eyes, wKicbJ however, appear to be of veiy 
imperfect construction. 
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Divisions. — This order is divided into three families. The first, the Malacobdei- 
presents many points of resemblance to the Trematode worms ; the m?uth is 
unarmed, the substanoe of the body semi-transparent, the nervous system composed 
of a single ganglion and filament on each side of the body; and there is a single 
Bucking disc at the posterior extremity. Thpsa worms live parasitically within the 
mantle of various marine bivalve Mollusca. 

In the Clepsinidcc , the body is of a leech-like form, but very much narrowed in 
front, and the mouth is furnished with a protrusible proboscis. These animals live in 
fresh water, where they m\y often be seen* creeping upon aquatic plants. They prey 
upon the water snails (Lymnecc). • 

To the third family, the true Leeches ( Hirudinida ) 9 the common medicinal Leeches 
belong. Two species of Leech are commonly used in medicine,— the Sangwsugb offici- 
nalis , a native of the South of Europe, and the S. medicinalis, which is found princi- 
pally in the northern countries of the spe continent, and occurs, but rarely, in England. 
Most of the Leeches used in England arc imported from Hamburgh ; but the pools and 
marshes in which the animals are collected are situated at a great distance from that 
emporium of the trade, in the thinly populated countries of eastern Europe,— Hungary, 
Bohemia, and Russia. , 

The supply in these countries, however, appears to be nearly exhausted, and 
much of our supplies are now derived from regions still further to the east. The 
animals are caught by means of baits put into the water, or by the fishermen wading 
into the pools with naked legs. The importance of the Leech in medicine is well 
known ; but few, perhaps, are aware of the enormous consumption of these Annclides 
that really takes place. Some idea of this may be formed, however, from the fact 
mentioned by Dr. Pereira, that some years ago “ four principal dealers in London 
imported, on the average, 600,000 monthly, or 7,1200,000 annually !” The annual con- 
sumption in Paris has been estimated at 3,000,000, and that of the whole of France at 
no less than 100,000,000. No other creature, so low in the scale of organization, gives 
rise to so extensive a commerce as this. The Leeches arc sometimes imported in bags, 
but more frequently in small tubs, closed with dtout canvas, to allow the passage of 
air. Each of these tubs contains about 2,000 Leeches. 

But if the medicinal Leech puts forward a strong claim to our attention, on the ground 
of the services which it renders to mankind, there arc others which force themselves 
upon our notice from the very opposite consideration. These are principally confined 
to hot countries, where, however, they arc often great pests. In Egypt, during the 
invasion of that country by Napoleon, the French soldiers were often exposed to great 
torment from the numbers of Leeches infesting the pools. When the men, fatigued with 
their march under the burning sun, rushed eagerly to drink, these bloodthirsty animals 
| would fix themselves to the interior of the mouth or nostrils, producing intolerable 
annoyance to men already half-maddened by vexation and fatigue. ( 

A still more remarkable instance is afforded by the small Leeches which infest 
Ceylon. These animals are about an inch and a half in length. They live principally 
in the forests, amongst the dead leaves, in damp places ; but often make their appearanco 
in other parts of the island during wet weather. Wherever they occur, however, they 
seem always to be on the look-out for blood ; and some instinct tells them that, even 
under the clothes of Europeans, |his wished- for delicacy is to be obtained. The incau- 
tious invader of their domain soon feels a peculiar sensation of moisture about his legs ; 
and, on e xaminin g into the cause, he finds, to his dismay, that they are bathed in blood ; or 
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Should he, by chance, wear white trousers, he may perhaps receive the first horrifying 
intelligence of what if going on, by the sudden appearance of red stripes upon his nether 
habiliment. If the traveller, made wise by experience, should resort to the expedient 
of tying his trousers round his boots, or (which is said to to be the best course) his boots 
over his trousers, the little blood-suckers will mount still higher ifi search of their 
manorial rights ; and an unpleasant dabbled sensation about the neck soon shows that 9 
the enemy has succeeded in scaling the citadel. The legs of horses, passing through 
the districts infested by these pests, are frequently completely cohered with blood in 
consequence of their attacks. 

Some species of this family, forming the genus JPiscicola , live as parasites upon 
various fresh- water fishes ; whilst thofce of the genus Branch iobdella, which are quite 
destitute of eyes, inhabit the branchiae of some Crustacea . 

This appears to be the proper placg to allude # to some singular marine animals 
which have been placed, by some zoologists, amongst the Echinodbrma ta y by others 
amongst the Annelida. These are the species of the genus Sipunculus and its allies, 
which constitute an order of animals for which the name of Gephyrca has been pro- 
posed, in allusion to the apparent connection which they establish between the Echino- 
dermata and the articulate scries. Their bodies arc cylindrical, and rather thick, 

covered with a tough skin, in which a few bristles are sometimes inserted, but which 

neither contains calcareous particles nor the tubular sucking feet of the true Echinoderms. 
Their habits are very similar to those of the common lob-worms, and like these they are 
much sought after as baits by the fisherman. They live in the sand, where they move 
about, much in the same way that the common 
garden worm does in moist soil ; they are destitute 
of eyes and other organs of sense, and the mouth is 
armed with a eurious proboscis. Some species, as 
the S ipun culm Bern hard us, here represented (Fig. 78), 
seek protection by inclosing their bodies in # the 
abandoned dwelling of some univalve Mollusc ; whilst 
others, for the same purpose, actually hollow them- 
selves caves in the substance of stones and corals. 

One of these, to which M. Valenciennes has recently 
given the name of Sipunculus cochlearim , is remark- 
able for a habit of forming a small spiral cell in the 
stony substance of two very different species of coral. 

This animal is probably troubled with a tender skin, 
and, in order to prevent abrasion by the rough walls 
of his coral home, he lines it with a smooth vitreous 
matter, producing an appearance which has so 
deceived zoologists, that they have supposed that the 
corals had built their structure around some small 
shell, and hence, confounding the two species, described them both under the common 
name of Madrepora cochlea . 

JOrUTJB II.— SCOLECINA. 

General Characters. — Of this order we have several well-known examples in 
the Earth- vorms so common in our gardens and fields? The bodies of these a n i m a l s are 
of a cylindrical form, somewhat pointed at the antcHor extremity, and usually a little 



Fig. 78. — Sipunculus Bernhardus. 
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flattened at the tail. The skin is tough, and divided into numerous segments by 
transverse wrinkles, and the organs of motion are reduced to the .form of a double row 
of bristles, running down the lower surface of the body, which, instead of being placed, 
as in the following orders, upon prominent lobes of the skin, are usually capable of 
being retracted Within small hollows when not f in* use. The mouth is unarmed, and the 
f intestine fruns straight through the body. The vascular system consists of two longi- 
tudinal vessels running along the ventral and dorsal regions of the body, and united by 
numerous branches. The blood is red. Like the LcecheB, these worm s are furnished 
with ciliated canals, wliichriiave been suppored to servo as organs of respiration ; but 
their real destination appears to be stdll uncertain. Like the leeches, also, they are all 
hermaphrodites. » 

Divisions. — This order contains two families — the Lumbricidtc or Eavih-tfrorms, 
and the Naididm. The former are too well known to require much description ; they 
possess no distinct head, and are quite destitute) of eyes ; their bristles are hooked, and 
placed in little tubs in pits on the lower surface, whence they can be exserted when 
the animal requires their assistance. They live in holes in moist earth, and are said to 
be ^predacious animals, although popular belief charges them with the destruction of 
the roots of plants. Mr. Dprwin has asserted that, even if these worms do some damage 
to vegetation, by feeding upon the tender roots of young plants, yet they amply com- 
pensate for this by the sort of tillage which they give to the soil in constantly passing 
through it. 

It is generally supposed that the Earth-worm may be propagated by division ; but 
this scarcely appears to be the case. It is said, however, that if it he divided across the 
middle, the part bearing the head will develop a new tail, although the tail will soon 
die ; and that, if the head be cut off, the body will form a new head ; but it appears 
that both portions never survive this mutilation. 

This power of reproduction of lost parts is carried to a much greater extent in the 
Naidida, which even propogatc by a kind of gemmation. These animals live princi- 
pally in the mud of frosh -water pond& and rivers. In their form they resemble the 
common Earth-»worm ; but their bodies are furnished, besides the ventral bundles of 
bristles, with a scrids of long spines on each side. They generally have two distinct 
eyes, and the mouth is sometimes armed with a long proboscis. 

Order II. — Ttjbicoda. 

General Characters. — The worms belonging to this order, which commences 
the series of branchiferous Annelida , are all marine, and are distinguished by their 
invariable habit of forming a tube or case, within which the soft ports of the animal can 
be cntirely'ketracted. This tube is usually attached to stones or other submarine bodies. 
It is often composed cf various foreign materials, such as sand, small stones, and the 
debris of shells, lined internally with a smooth coating of hardened mucus ; in others it 
is of a leathery or horny consistency ; and in some it is composed, like the shells of the 
Mollusca , of calcareous matter secreted by the animal. These animals frequently live 
together in societies, winding their tubes into a mass which often attains a considerable 
size ; others are more solitary in their habits. They retain their position in their habita- 
tions by means of appendages very similar to those of the free worms, and furnished, 
like these, with tufts of bristles and spines ; the latter, ,ih the tubicolar Annelides, aro 
usually hooked ; so that, by applying them to the walls of its domicile, the amim aj i§ 
enabled to oppose a considerable resistance to any effort to draw it out of its'hole. 
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In these, as in the preceding Annelida, no distinct head can be recognised, and the 
eyes pro either entirely wanting or very rudimentary. The mouth also is generally 
unarmed. The anterior extremity is always furnished with tentacles, which serve 
both as organs of touch and for the capture of prey. The nervous system* is well- 
developed, although the longitudinal»fi^imcnts generally run down thd sides of the body, 
instead of being united by ganglia in the middle line. The branchiee are usually con- # 
fined to the head, where they appear as branched organs in the midst of the tentacles ; 
they sometimes also occur on some of the segments of the body. 

All these worms are unisexual. They* deposit their eggfc in a mass of mucus, which 
usually clings to the tube of the parent animal. • • 

The young Terebella , on the first breaking out of the egg, is a small globular 
embryo, thickly covered .with cilia. By degrees this elongates into an oval form, and 
the cilia collect in a band round its middle. Th^ lengthening process continues, and 
in a little time a pair of small eyes make fheir appearance in the head, whilst a 
new set of cilia are developed at the caudal extremity. Still the little animal con- 
tinues elongating ; the cilia are reduced to a little band, like a cravat, round its neck, 
and a patch on the back, whilst the body exhibits traces of annulation, and single 
bristles begin to sprout from its sides. At last the cilia* 
disappear altogether ; the members acquirfi sufficient 
development to enable the young Terebella to creep along 
the bottom of the water. It selects a spot for its perma- 
nent abode, fixes itself, builds its house, and becomes, 
after its brief “Wandcrjahr,” a quiet, home-staying denizen 
of the deep. 

Divisions. — In the best known family of this order, 
the Sabellidee, the branchiee are placed on the head, where 
they form a circle of plumes (Fig. 79) or a tuft of branched 
organs. Of the tentacles, one is usually much thickened, 
so as to form a sort of plug, which closes the aperture of 
the tube when the animal is retracted. The SerpuUe , 
which form irregularly twisted calcareous tubes, often 
grow together in largo masses, generally attached to shells 
and similar objects ; whilst those genera which, like 
Terebella (Fig. 80), build their residences of sand and 
stones, appear to prefer a life of single blessedness. The 
curious little spiral shells, often seen upon tho fronds of 
sea-weeds are formed by an animal belonging to this Fig. 79 .— a Groi^pof Serpuln. 
family ( Spirarbis ). 

Tho Hermellidee, some of which live amongst the oyster-beds, and often do much 



Fig. 80. — Xerebefta. ■ 


misohief by the increase of their masses of tubes, also belong to this order. 
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Order IV. — Errantia, 

General Characters. — We now come to the lost and highest order of the 
AnnelidcC, comprising those animals in which the external appendages of the body 
attain their highest development, whilst the er of free locomotion indicates the 
AossessioiT of a higher degree of general intelligence than would be necessary for the 
sedentary animals of the last order. It must be confessed, however, that in their struc- 
ture, and especially ifi their development, they display tr 

a very close relationship to fhose animals ; this history m 
of the development of the young in* the tvro orders b 
being so very similar, that om» description will serve m 
for both, 

TV'-e head of these worms is distinctly marked, and 
the mouth is generally furnished with* jaws of*some Fig. 81 .— Head and Trunk of Gly- 
kind, which arc not unfrcquently placed at the ex- ccris; c, anterior portion of the 

tremityof a protrusiblc proboscis (Fig. 81). 1 be general opening of the mouth; mm, 

structure of the lateral appendages and branchiae has j aWB - 

already been explained at p.*284 ; but tY\c parts of which these arc composed frequently 
exhibit the most extraordinary forma. Like the Tubicola , all these worms are unisexual ; 
the ova are usually deposited upon stones or aquatic plants ; but, in some instances, 
the mother carries them about enveloped in a slimy matter. 

Bivisions— Amongst the numerous families into which this order has been 
divided, the one which approaches most closely, both in structure and habits, with the 
lower worms, is that of the Arenicolida , including the common Lob-worm, so much used 




by sea fishermen as* a iJ bait. This animal is found on all sandy parts of the coast, 
where it bores into the sand left wet by the retiring tide; its head is large and 
rounded, quite destitute of eyes or tentaeula, and furnished with a short unarmed pro- 
boscis. The feet are very small, and confined to the anterior part of the body ; whilst 
the branchial cufts, which are of considerable size, are placed on each side of the middle 



The family of Apliroditidcc , some 
species of which are known as Sea- 
mice, includes some marine animals 
of great beauty. In thpso worms 
the body is generally broad, or ovate, 
the head small, and furnished with 
very short tentaeula ; the feet large, 
with immense tufts of bristles and 
spines often of the most remarkable 
forms, and exhibiting the most bril- 
liant metallic colours. Ea^h of these 


hairs (Fig. 83) is retractile within a homy sheath, which serves to protect the soft 
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•parts of the animal from injury by its own weapons. The most remarkable peculiarity 
of thqpe animals is, ^hat their dorsal surface is entirely or partially covered by a double 
series of large membranous scales attached to the alternate segments, between which 
the beautiful bristles of the feet make their appearance. Those animals gener all y inhabit 
deepish water ; but numbers of then* are often thrown upon our coasts after a storm. 

The family of Nereidco includes some elongated and distinctly annulatcd worms* 
which possess a well-developed head (Fig. 84), furnished with tentacles and eyes, and 
a mouth with a proboscis, which is sometimes unarmed, something furnished with two 
or four teeth. The cirri or tentacles attached to the feet ar# often of considerable length, 













Fig. 84.— Nereis, with its head and some of the anterior segments, 
and sometimes even annulatcd .(Fig. 85). The animals frequently present the appear- 
ance strongly resembling that of the more elongated Myriapoda . Tho branchial tufts 

are but slightly developed. * 

In the next family, the 

This family includes some 

”nXtu>->4 species of* large size: the 

Fig. 85. — ifylliH Monilaris, with one of its locomotive organs and Eunice qiqantea , which in- 
setigerous appendage attached thereto. , , 

habits theWest Indian seas, 

grows to four or five feet ; and others, found in the Southern Ocean, are said to attain 
double that length. 

Zoologists also place in this order a curious terrestrial Annelide, found in tho West 
Indies by the Ecv. Lansdown Guilding, and described by him under the name of 
Feripatus (Fig. 86). In its general appearance it exhibits a most striking resem- 
blance to the well-known Juli, or Millepedes ; the bodj is distinctly annulated, the 
head well marked, and furnished with two jointed tentacles and eyes. Along each 
side of thfl body runs a series of soft feet, which, howevor, exhibit traces of annulation; 
and these, as in the other free 


Annelida , arc terminated by tufts # 
of bristles. This curious genus 
forms tho family Peripatidm. 

The order of Annelida Erran - 
tia also includes another family, * 

which appears to possess a f * 

striking affinity to the following class, the Poilfera . 



5. — Feripatus. 

This is the family of £he 
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PolyophthalmidcB , consisting of cylindrical worms, furnished with bristle-like feet,* 
somewhat resembling those of the Scoltcina. Each segment of the body is said to bear 
a pair of eyes, whence the name given to the genus and family to which these creatures 
belong. ' The most remarkable character presented by these animals is the structure of 
the head, which bears a pair of lobes covered with cilia, which, like the similar organs 
pi the Retifera, can be retracted and protruded at pleasure. From these, we pass 
"naturally to the last class of this subdivision of the Articulata, the 


11 Class IV.— Rotifera. 

General Characters. — This interesting class of microscopic aquatic animals, 
included amongst the Infusoria by Ehrenberg, is x B 


now generally admitted to belong to the Articu- 
late division. They are animals of very diverse 
forms, hut are always characterised by the 
possession of ciliated organs at the °anterior 
extremity (Fig. 87), by means of which they 
produce a vortex in the water, which carries to 
their mouths any minute animals or plants 
which may be floating in tfieir neighbourhood. 
The skin exhibits distinct indications of trans- 
verse wrinkles or folds, by the agency of 
which the animals are enabled to contract 
themselves to an extraoidinary extent, so that 
they often acquire an almost globular shape. 
In some cases, however, the skin becomes homy, 
or a small quantity of silicious matter is fixc;d 
in it. In either case the skin then forms a sort 
of carapace, within which the little animal can 
retreat in case of danger. Many of them pass 
their lives fixed in one place like polypes, whilst 
others enjoy the pow«r of swimming freely 
about. TJie free species are all furnished with 
some means of fixing themselves when about to 
feed. In some cases the tail terminates in a sort 
of sucker ; in others, in a pair of minute forceps, 



by which the little creature attaches itself to 
its resting place. 

As might be expected from their minute size, 
few of them exceediflg a fine in length, and 
some being no more than •yJntli of an inch, the 
nervous system in these animals has not been 
made out very distinctly. Jt appears certain, 


Fig. 87.— Wheel Animalcules. 

A, with the wheels expanded ; B, with the 
wheels folded up and drawn in; a, the 
head with the eye-spots ; ft, the wheels; 
c, water-siphon ; (7, masticating appa- 
ratus ; e, salivary glands ; //, intestinal 
canal ; g, its dilated termination ; h 9 
glandular apparatus surrounding it ; 
», young ones nearly complete ; ft, eggs ; 
l, tail. 


however, that a pair of ganglia always exists in the neighbourhood of the head, and 
that from these a little filament runs down each side of the body. The head 
also possesses from one to four eyes, usually indicated by their red colour ; these, as 
usual, disappear in the sedentary forms ; although their young, which are endowed 
with the powers of locomotion, possess them. 


The structure of the alimentary canal is wonderfully complex, considering the 
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jninutc size of the creature possessing it. Within the mouth is a wide hollow, at the 
bottom of which the entrance to the gullet is seen; this is armed with a singular 
apparatus of teeth, *set in motion by muscular action, and ready to seize upon 
any particles of food that may be carried into the mouth by the external vorte$. The 
water introduced is sometimes carried off by a minute canal, situated close under the 
head; in other cases it is allowed to fihd its way out as it can. The teeth^in some 
Rotifera, are in the form of acute spines, — these are predaceous animals, and exhibit as * 
much ferocity, in their way, as can be shown by creatures infinitely their superiors in 
size ; in others they constitute small homy plates, furnished with fransverse ribs ; and 
these are usually vegetable feeders. Closo to thjs apparatus are a pai/of glandular 
bodies, which, apparently, discharge t^eir secretions into the oesophagus at that point ; 
these are regarded as salivary glands. From these the intestinal canal extends through 
the body, Inclosed in a thick granular mass, till it nearly reaches the caudal extremity, 
at which point the anal opening is usually situated* 

The Rot if era appear to be perfect self-impregnating hermaphrodites, and the ova in 
most of them appear to be developed within the body of 
the parent, until the principal organs of the young animal 
are quite recognizable. Their powers of reproduction are 
most extraordinary. Ehrcnberg relates that in three days 
theprogeny of a single specimen of J Hydatina senta (Fig. 88), 
which ho had isolated, amounted to no less than twenty 
individuals ; a rate of increase which in ten days would 
give upwards of a- million of specimens. That author 
adds, that “ if two instead of four were produced daily 
by each individual, a million would be called into ex- 
istence in twenty days ; and on the twenty-fourth day 
we should have 16,777,216 animalcules/’ But wonderful 
as is the fecundity of these animals, when placed in favour- 
able circumstances, not less so is their power of resisting 
the action of drought, which might otherwise, by drying 
up the water of their habitations, involvo the whole or 
the greater part of their species in destruction. It is 
found, however, that these little creatures may be dried 
completely and repeatedly, until their bodies are so brittle 
that the slightest touch would crush them, and that on 
tho return of moisture they will again spring into ex- 
istence, unfold their little wheels, and give rise to a fresh 
generation. 

Divisions. — The Rotifera form two orders, the 
Sessilia and the Natantia, the names of which speak for 
themselves* 

Order I. — Sessilia* 

In the sessile Rotifera the body is continued into a longish stalk, which is attached, 
by its hinder extremity, to some aquatic plant or other object. The rotatory organ, in 
these animals, has generally a 5isc-liko form, with t£o margin more or less notched. 
This order includes two families, the Floscularidce, which have bent spiniform teeth af 



Fig. 88. — Hydatina Senta. 


a, rows of cilia ; b, muscles of 
the jaws ; c, stomach ; d, en- 
larged termination of the in- 
• tontine ; e t anus ; /, salivary 
glands; g, ov&ria ; h, dorsal 
vessel. 
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he orifiloe of the oesophagus ; and the Megalotrochtd(t % in which that organ is armed 
with ribbed plates for the trituration of the food. 

OltDElt II. — Natantia. 

In this order, which, as its name implies, iuciudcs the free swimming species, the 
' caudal extremity terminates either in a sucker-like organ, or in a small pair of forceps, 
by means of which the animals are enabled to fix themselves at pleasure, so as to set 
their rotatory orgai_s in action. These are also divided into two families, the Fofytrocha 
in which the* -rotatory organs tako the form of several lobes surrounding the anterior 
extremity of the body ; and the Zygotrocha y which possess only a pair of ciliated pro- 
cesses placed on each side of the mouth. 

Subdivision II. — Arthropods, or True Articulata. 

'£* 

i General Characters. — W e now come to the second subdivision of the Articulata , 
in which the division of the body into segments appears with great distinctness. This 
single subdivision contains a greater number of species than all the rest of the animal 
kingdom put together ; and as the number of individuals of each species is usually 
enormous, the part assigned to them, in the economy of nature, is, in spite of their gene- 
rally insignificant size, by no means an unimportant one. They swarm in every 
situation, and in every part of the earth. The plants and trees of every region nourish 
myriads of insects; the waters are everywhere alive with them. Their existence and its 
effects force themselves upon our notice in whatever direction we turn ; vegetation is 
kept in check by their ravages; our own persons and the bodies of our domestic animals 
are not exempt from their attacks ; whilst, as if to make up for any evils they may 
inflict upon our race, multitudes are constantly at work in the removal of decaying 
matters, which, if left to the natural progress of decomposition, would contaminate the 
air with their pestilential effluvia. Nor are they without some species that are of direct 
service to mankind. Many species of Crustacea arc reckoned delicate articles of food ; 
the Silk-worm, the Iloney -bee, and the Cochineal insect, furnish us with valuable pro- 
ducts ; and many others contribute more or less to the comfort or the luxury of mankind. 

The principal general characteristic of these animals, and that which serves at once 
to distinguish them from those of the preceding subdivision, consists in the division of 
the body ^pd limbs into numerous distinct rings or segments, moveably articulated 
together, and thus forming a sort of external skeleton, which not only protects the 
internal soft parts, but, by giving firm points of attachment to the muscles, enables their 
movements to be executed with much greater rapidity and precision than those of the 
vermiform classes. Tn a ferv species (the Myriapoda , see Fig. 3) these segments (with tho 
exception of those at the two extremities), like the indistinct rings of the Annelida , are 
mere repetitions of one another, each segment being of the same form, ancMbearing the 
same organs, as its neighbour ; but the complete articulation of the segments both of 
the body and limbs in these animals precludes all risk of their being confounded with 
the members of the lower class. In the majority of the Arthropod a, however, some of 
the segments are always developed differently from the others, generally giving rise to 
a division of the body into three principal regions, tho' head, thorax, , and abdomen ; the 
appendages sometimes occurring al mg the whole series of segments; so metime s being 
confined to particular regions of the body. 
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• As might be expected, from their increased capacity for motion and enjoyment, the 
amount of intelligence possessed by these animals is much greater than in any of the 
groups \o which our attention has hitherto been directed ; and the nervous system, of 
course, exhibits a corresponding advance. The general conformation of these # organs 
has already been described (page 199, Fig. 6) ; and we have seen that* in the highest 
forms of worms, this structure is distinctly recognizable ; but in the present group 
centralization takes place to a much greater extent, and the modifications of the original 
type are sometimes very considerable. As a general rule, it may bo observed that, in 
proportion as the different segments of the body resemble cacj}. other, *the nervous system 
approaches the original type ; but that it deviate^ more and more fronf the typical 
structure in proportion as some of the segments preponderate over the rest. 

Thp appendages of the segments forming the head are converted into masticating 
organs ; anti the number of these, of course, varies with the number of segments which 
may he supposed to form that region of tjie body, jfs these are merely metamorphosed 
limbs, and indeed generally exhibit their relationship to the organs o# motion in their 
articulated structure, it is evident that, like the true limbs, they will be placed in pairs, 
one on each side of the middle line of the body ; hence their action is always horizontal, 
and the opening of tho mouth may be considered to be vertical. The head is also 
usually furnished with one or more pairs of jointed organs, called antenna , which 
evidently act as organs of sense, and probably have different functions in different 
groups. Their structure often lumishes important characters for the discrimination of 
the minor groups into which these animals are divided. 

Except in a single class (the Insects,) the segmentary appendages arc developed only 
on the ventral surface ; but in these other appendages they are also articulated to the 
back, forming the wings with which, as is well known, those animals are provided. 

Divisions. — Numerous as these animals are, they maybe divided into four classes, 
and these arc generally very easily distinguishable. The first, the Crustacea (Fig. 89), 
possess antemue, and are furnished with joinfed appendages on all the regions of the 
body. Their respiration is aquatic. Some of them 
only exhibit the distinguishing characteristics of 
the class in Their earlier stages. The second class 



Fig. 80 . — Sandhopper (Talitrus). 
containing the Spiders ( Arachnida , Fig. 90), is 

characterized by the absence of antenna), by the Fiff ^ _ Mygale# 

possession of four pairs of limbs attached to the * • 

anterior portion of the body, which consists of tho head and thorax fused together.. 
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The third class, the Myriapoda (see Fig. 3), contains air-breathing animals furnished 
with antennae, with appendages on all the segments of the body ; whilst the fourth, 
containing the innumerable hosts of Insects (Insecta, Fig. 91), is characterized by its 



Tip. 91. — Stag Beetle. 


aerial respiration ; by the division of the body into three very distinct regions (of 
which the middle one, the thorax, bears three pairs of jointed legs, and usually two 
pairs of wings) *, and by the possession of a single pair of jointed antennas. 

Class V? — Crustacea. 

General Characters. — If this class included only the ordinary well-known 
forms, such as the Crab and Lobster (Fig. 92), and their allies, there would be little 
difficulty in giving it an exact character, which should apply to every meniner of which 
it is composed ; but many of the lower forms cannot be said strictly to come under even 
the brief definition given above, although, in the earlier stages of their development 
they agree so exactly with some of the most highly organized animals belonging to the 
class, that It is impossible not to admit them into the Bamc category. Our description 
of the class, as a whole, must consequently he liable to many exception's. 

The form of the body in these animals is excessively variable; it is usually some- 
what spindle-shaped, and divided into a scries of distinct rings, articulated together, 
and allowing of a donsidcrahle amount of movement. These segments are sometimes of 
nearly equal size, and furnished with nearly similar appendages throughout (Fig. 89). 
Sometimes a few of the segments acquire a greater degree of development ^han the rest, 
and the organs of motion arc confined to those, whilst the appendages of the other 
segments are reduced to a more or less rudimentary condition ; .and in the higher forms 
the anterior segments become fused into a single mass, called the cephalothorax (Fig. 92), 
which hears the mouth and organs of motion. The skin is generally hardened by a 
calcareous secretion, constituting a complete cutaneous skeleton, within which all the 
soft parts of the body are intlosed ; the segments are united by a thin membrane 
which gives flexibility to the whole armour. As the animal has no power of adding to 
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(Jke size of this shell to make room for its increasing growth, it casts off its old coat 



Fig. 92.— Spiny Lobster (Palinurus). 


at stated periods, and secretes a new deposit of calcareous matter over ^ts entire 
surface. 

The form of the articulated appendages varies excccdingfy. TRc first segment of 
the head, which is occasionally distinct from the rest, is sometimes provided with a 
pair of moveable stalks, on the summit of which the eyes arc situated ; the second and 
third segments bear the antennae, of which two pair are usually present. These organs 
generally consist of a long tapering scries of short joints, supported upon two or three 
large articulations, similar to those of the limbs, which enable them to move freely in 
every direction. The appendage!} of the following segments are generally formed into 
masticating organs. They often, however, gradually approach the true limbs in their 
structure ; apd the hindmost pair or two are generally denominated foot-jaws by 
zoologists. * 
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In the common Cray-fish (Figs. 93, 94) six pairs of these appendages are present, 
of which the three last aro considered as foot-jaws. These are followed by the legs, the 
true organs of motion, which are also attached to the under surface of the thoracio 



Fig. 93. F >{?- 94 - 


Fig. 93. — Cray-Fish : ta b, an ten tied ; c, eyes ; d, organ of hearing ; e, external foot-jaws ; /, first 

pair of thoracic members; g f fifth pair of thoracic members ; A, abdominal false-legs ; t, tail-fin ; 
j\ anus. 

Fie. 94 — Masticatory Apparatus, composed of six pairs of appendages : a, mandibles ; b and e, first 
and second pairs of maxilla) ;<**/, three pairs of foot-jaws, gradually approaching the form of 
the ordinary limbs. 

segments, or of the cephalothorax in the Crabs and their allies. Tho number of these 
varies, of course, with the Dumber of thoracic segments. In the Cray-fish and Lobster 
(already figured), there are five pairs of these organs, tho anterior pair being often de- 
veloped into large pfticers j’and the true feet arc often followed by a series of rudimentary 
abdominal members, which sometimes serve to protect the ova, when these are carried 
under the t ail, and sometimes bear external branchiae. By means of these limbs many 
of the Crustacea are enabled to run with great swiftness, whilst others have the 
extremities flattened so as to form fin-like organs. Many bury themselves with great 
rapidity in the sand, by the action of the feet, at the approach of danger ; and the 
species furnished with pincers make use of these often-formidable weapon^ both to 
seize their prey and to attack their enemies. 

The nervous system of th ^Crustacea always consists of a series of ganglia running 
along the ventral surface of the toody, united to each other, and to a cephalic ganglion 
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eft brain, by a pair of nervous filaments, and giving off nerves to the various organs in 
their neighbourhood. , The development of these ganglia, however, often varies greatly 
in different segments ; for, although in the more uniformly articulated forms the ganglia 

are nearly equal in size, those in which 
the thoracic segments tfre amalgamated 
have the whole of the nervous* centres 
of these segments fused into a single 
mass, from which nerves are given off 
in every detection (Fig. 95). The 
cephalic ganglion is always situated 
above the oesophagus, and furnishes 
nerves to the organs of the senses. 
Thc^e are the eyes, the antennas, and in 
wjany eases organs of smell and hear- 
ing. '* 

The eyes present very different de- 
—np grees of development in the different 
orders of Cnystacea. The lower forms 
possess only simple eyes, containing 
a single lens, surrounded by a mass of 
pigment, and receiving a single nervous 
Fig. 95.— Nervous system of Crab ( Maid ). filament. Many of the Wcr Crustacea 

ca y upper part of the shell laid open; a, antennas ; t/, possess onty one of these organs, which 
TO, oesophageal collar ; stomato- gastric then placed in the middle of the head. 

In others a number of these eyes are 
brought together at a single point ; but 
each eye is still distinctly recognisable, furnished with its own lens, surrounded by its 
own pigment spot, and receiving 
its own branch of the optic 
nerve. In the highest Crusta- 
cea the visual organs become 
true facetted compound eyes, 
similar to those of insects ; and 
these are often supported upon 
a footstalk, which is sometimes 
of considerable length (Fig. 

96). 

The organs of hearing (which 
are probably common to all the 
Crustacea , although they have 
been investigated principally in 

the highest order) are situated close to the base of the long .external ante mice. In the 
Cray-fish (Fig. 93), they have the form of a cylindrical hollow process, which is closed 
internally by a thin membrane, or drum. Behind this is a vesicle filled with fluid, 
which receives the termination ci a particular nerve. The organs of smell, which have 
been observed principally upon the Crabs, are in the form of cavities situated at the 
base of the inner pair of antennae, and lined with a mucous membrane. The external 
orifice of these cavities is surro un ded by fine brifetles — no doubt to exclude in- 


nerves ; 

nerves ; t> thoracic ganglionic muss ; np, nerves of 
the legs ; na t abdominal nerve. 



Fig. 96. — Podophthalmus. 
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jurious particles from the interior. The antennro appear to be principally organs of 
touch ; in many cases they are employed as natatory organs. , 

The digestive canal in the Crustacea generally exhibits a high degree of develop- 
ment. * It runs from the mouth to the posterior extremity of the body, and consists of 
a very short oesophagus, opening into a large , stomach, which is often armed with rows 
*■ fo e m as t 



f b c an Jl ft 1 

Fig. 97. — Anatomy of a Crab ; the greater part of the carapace having been removed. 


p t portion of its lining ^membrane ; c, hVart ; ns, opthalmic artery; aa, abdominal . artery ; ft, 
branchiae in their natural position ; b\ branchit:' turned back to show their vessels; Jl, lower 
portion of thd shell ; /, appendage of the foot-jaw ; e , stomach ; m, muscles of the 6tomach ; 
fo, liver. 9 

of teeth ; from this an intestine runs to tho anai opening. The liver is generally of 
large size. 

The respiratory organs consist of branchiae of various forms, sometimes attached to 
the abdomidal members, sometimes inclosed within a cavity on each side of the cephalo- 
tliorax, in and out of which the water passes by two openings. Circulation is effected 
by means, of a regular system of vessels ; the heart consists of a single contractile 
cavity, situated in tho middle line of the back ; the arteries, in the higher forms at 
least, are closed tuoes ; but tho venous blood passes back through spaces left between 
the organs of the body, until it reaches peculiar cavities situated at the bases of the 
logs (Fig. 98), whence it passes into the branch iao, and thence, when aerated by contact 
with tho water, through proper vessels to tho heart. 

With the exception of a single order, the Crustacea are all unisexual animals. Their 
reproduction always takes place by ova, which arc generally attached to the tail of the 
female for some time after exclusion. Indeed, in some species, the eggs are hatched in 
this position, and the young continue for a certain peiiod to shelter themselves beneath 
tho body of the mother. The# development presents many curious phenomena. In 
some species the young leave the egg in very nearly the same form that they are to 
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rtstain through life ; whilst in others, nearly allied to these, the young animal at its 
first coding into the world lias a form so totally distinct from that which it is destined 
to assume, that nothing but absolute observation could lead to a suspicion of its truo 
parentage (Fig. 99). So different, in fact, is the appearance of the young of many of 


b ve e f v h 



st 

Kig-. 98. — Vertical section of a Crustacean, showing • 
the course of the blood. 

c, heart; s, venous sinus; va, vessels conducting the 
venous blood to the gills; re, vessels which collect 
the aerated blood from the capillaries of the gills ; 
vb 7 branchiocardac vessels ; /, carapace ; st, sternum. 



the Crustacea from that of the mature animals, that before the connexion between 
them was discovered several species, and even genera, were established upon these 
embryonic forms. It is singular that this metamorphosis takes place amongst both 
the highest and tho lowest members of the Crustacea ; and that some of the latter, in 
which, in the mature state, most, if not all, the ordinary characteristics of the class 
completely disappear ; yet, in their earlier stages of development, exhibit the most 
perfect resemblance to the most highly endowed of their relatives. 

Divisibns.— The immense number and variety of Crustac®oils animals necessi- 
tates, as might bo expected, a corresponding multiplicity of subordinate divisions. 
Five principal groups, or sub-classes, may bo recognised. Of these, the first, tho 
Cirrhopoda, is composed of animals which, until tho history of ttfeir development was 
known, were always ranged by naturalists amongst the Mollusc a. When mature, they 
are always attached to submarine bodies. Their bodies are inclosed in a shell composed 
of several calcareous plates, from an opening in which they protrude a bundle of arti- 
culated cirri. 

The Entomostraca , forming the second sub-class, areP geneAlly of small size, 
covered with a delicate skin, and usually protected by a broad shield or a sort of bivalve 
shell. The^jranchice, when present, arc attached to the feet, which, with the antennas, 
are generally furnished with bristles, that render them efijeient organs of locomotion. 
Many of them, when full grown, attach themselves, as parasites, to the bodies of other 
aquatic animals ; and these frequently lose all resemblance to the other members of the 
class. The animals of the third sub-class, the X yphosura, are covered with a hard 
calcareous carapace, and the tail forms a long, sword-shaped spine. The mouth is 
furnished with no jaws, and the operation of mastication is performed by the basal 
joints of tile true feet. The fourth sub-class, the Fodophthalmata^ is at once distin- 
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Fig. 101.— Body of the 
Barnacle. 


guished by the pedunculated eyes and amalgamated thoracic segments of the animate 
composing it ; whilst those of the fifth, the Edriophthalmata , on the contrary, have the 
eyes sessilo, and the thoracic segments distinct. These sub-clssses are again divided 
into orders, to which we must advert as briefly as possible, 

Sub-Class and ObdeiC f. — C irrhopoda. 

* 

General Characters. — The first sub-class includes only a single order. They 
are all marine animals, which, when mature, attach themselves to rocks or other sub- 
marine olyccts ; the commpji Barnacle, perhaps 
the best known example of the order, generally 
selecting floating objects for tikis purpose, and 
frequently covering the bottoms of ships to such 
an extent as even to impede their progress 
through the water. The bodies of these ani- 
rftals are soft, and inclosed in a case composed 
of several calcareous plates ; they formed part 
of the group of multivalve shells of the older 
concholog^ts. The limbs are converted into a 
tuft of jointed cirri, which can be protruded 
through an opening in the sort of mantle which 
lines the interior of the shell. The cirri are 
twelve in number, and beset with bristles, 
of %ie^Bar nuclu ! the animal is alive they may be seen in 

continual motion, exserted and retracted every 
moment in search of prey. The intestinal canal is complete, furnished with a mouth 
and an anal opening ; and the nervous system exhibits the usual scries of ganglia, 
which we have seen, to bo characteristic of the arti- 
culate type. The head is marked only by the posi- 
tion of the mouth, which is armed 'with a pair of 
jaws ; but all -traces of any of the organs that we 
are accustomed to seC at this part of the body Lave 
completely disappeared. 

In their very earliest days, however, these crea- 
tures are by no meatls so ill provided ; they are then 
furnished wkh eyes, antennae, and limbs, and are as 
active as any of the minute denizens of the sea. It 
is only after a certain period. of wandering that they 
fix upon a place 
of rest, — fix 
1 themselves, and 
become res- 
pectable house- 
holders. All 
these animals 
are hermaphro- 
dites ; but, according to the researches of Mr. Darwin, active individuals, which he 
calls complementary males, are produced at certain periods, to assist in the impregnation of 
the ova of the hermaphrodite individuals. 




Fig. 102. — Young of Cirrhopoda. 
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Divisions.— The Cirrhopoda are divided into two families. 


Lepadifa, or Bamaqjos (Fig. 103), the 



In the first, the 
animals are attached to their resting-place 
by a flexible stalk, which possesses great 
contractile power. The shell is •usually 
composed of two triangular pieces on each 
side, and is closed by another elongated piece 
at the back, so that the whole consists of 
five pieces. The young of the Barnacles 
usually present the appearance represented 
in Fig.»1025. * # 

The second family, the Balanidce^ or Sea 
Acorns (Fig. 104), includes the sessile 



Fig. 103. — Group of Barnacles. 


Fig. 104. — Balanus. Fig. 105.— Shell 

of Balanus. 


species, whose curious little habitations may constantly be met with upon the rocks of 
the sea-shore, and not unfrequently upon many species of marine shells. The shell 
(Fig. 105) forms a short tube, usually composed of six segment* firmly united together. 
The lowe^ part of this tube is firmly fixed to the object on which the Balanus has 
taken up its abode ; whilst the superior orifice is closed by a mfiveable roof, composed 
of from two to four valves, between which the little tenant of this curious domicile can 
protrude his delicate cirri in search of nourishment. In their young state the Balanida 
resemble the following group, the Entomostraca (Fig. 102 a). 


Sub-Class II. — Entomostraca. 

General Characters. — The Entomostraca, in general, present the characters of 
the class of which they form a part much more distinctly than the Cirrhopoda, although 
many of them, in their mature or reproductive state, diverge immensely from the typical 
form of th«^ class. They are generally, especially in their earlier stages, provided with 
distinctly articulated limbs and antennso, which arc usually furnished with bristles, and 
employed as natatory organs. 

Order II.— Pabasita. 

General Characters. — This order is composed of numerous small animals, which, 
in their young state, are furnished with distinct jointed limbs, antenna, and eyes, — organs 
which either disappear completely, or become greatly modified as the animal approaches 
maturity, when it attaches itself to fishes or other aquatic animals, and passes the 
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remainder of its existence as a parasite. In their mature state, the Farasita often* 
present the most extraordinary forms ; and in their appearance and habits they Jjear so 
little resemblance to the other Crustacea , that it was not until the history of their 
development was investigated, that their intimate connexion with that class of arti- 
culate animals Wus ascertained. Until very recently, zoologists considered them to be 
nearly allied to the Flatyelmia , in conjunction with some of which they were formed into 
a class called Epizoa (Gr. epi upon, soon animal), from their habits of external parasitism. 
They are very common on the bodies of fishes, generally attacking the branchiae, but 
not unfrcqucntly attaching* themselves to the soft skin under the fins, or to the eyes, 
to the great inconvenience of their unfortunate victim. 

Divisions. — These animals form several families, to some of which we shall briefly 
refer. The family Lernmidcc exhibits the greatest amount of degradation in jta mature 
state. The animals composing it consist of a more or less elongated sac-like body (Fig. 
106), bearing, at its anterior extremity, a proboscis, through which they suck the juices 
of their victim, anh a pair of modified legs, by which they maintain their position upon 
its surface. They also frequently possess a pair of foot-jaws, which, however, arc no 
longer connected with the mouth, but servo as additional prehensile organs. The 
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Fig. 106. 


Fig. 107. 


Hg. 108. 


Fig. 109. 


Fig. 106. — Female Lemma, a , proboscis ; 6, thoracic segment, bearing the legs, c, which are united 
at their extremities by a sucker, f; d 9 abdomen ; e t ovisacs. 

Fig. 107.— Young of Lemma. 

Fig. 108.— Caligus. 

Fig. 109. — Under side of Caligus, a, carapace ; b , antennas ; c, sucker ; d e t jaws; f g A, foot-jaws ; 
S a forked central appendage ;jklm, legs ; n, second segment ; p t abdomen ; g t fins ; r, tubes. 

proboscis is usually buried in tLe Substance of the unfortunate host, whose delicate 
vessels are wounded by a pair of pointed organa which it contains. The young of the 
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'Lcmmdce (Fig. 107) are exactly like those of the next order of Entomostracoj the 
Copepgda. , 

In the Dichelestidce the “body is more distinctly annulated, and the anterior segment 
bears four antennae, of w hi ch one pair is slender and thread-like, whilst the others are 
stout, and furnished with a claw-like«ej|tremity, serving as a ptehensttc organ. In the 
Caligidce (Figs. 108, 109) the structure is much more complicated ; the body is divided into t 
two parts, of which the anterior, which is by far the largest, and is covered by an oval 
carapace, bears two pairs of antennae, a sucker, three pairs of foot-jawa, and four pairs 
of thoracic legs — three formed for swimming, and one for walking. The abdomen consists 
of a small lobe at the apex of the second segment. It bears a pair of small £n-like 
appendages; and from each side of *its base springs a long tube, which apparently 
serveb as an ovisac. 

In the Argulida, one species of which, the Angulos foliaceus (Fig. 110), is very 
common upon various fresh-water fishes, the Jjody is of y — ^ 

much the same general form as in the Caligula, and the /Ol© 1 

anterior segment is in like manner covered by a large I 

carapace. The second pair of foot-jaws is here converted a wT J. 

into a pair of curious sucking discs (Fig. 110, 2), by which, |L ^ 

the creature adheres to any obj cct. Between thesd the j ointed ^ 

rostrum takes its rise. The four pair of thoracic legs are j 

fringed with bristles, and converted into powerful natatory Fil , no.— Arj^ulus Foliaceus. 
organs, by means of which tho Argulus swims about with thc^anigna^ magnified ; 2. 
great rapidity. Unlike the other parasites, it does not euckin^-foct ; ^the rostrum* 
remain constantly attached to its victim, but only adheres 4 * natural length, 
to it while actually engaged in sucking. It possesses no ovisacs, and the eggs are 
deposited upon aquatic plants. 

Order III. — Copepoda. 

These animals present the closest affinity with those of the preceding order, par- 
ticularly i/i thoir earlier stages. They are minute animals, with the bf>dy divided into 
distinct segments, of which tho anterior (forming the cephalothorax) bear two pairs of 
antennae, one or two eyes, the mouth, with its jaws, and two pairs of foot-jaws. The 
five following segments bear a similar number of pairs of feet, furnished with bristles, 


Fig. 111.— Larva of the Cyclops. 


Fig. 112. — Cyclops. 


and adapted for swimming ; and the remainder, constituting tho abdomen, form a sort 
of jointed tail, terminated by a tuft of bristles. They appear to possess no distinct 
respiratory organs ; and the ova aro carried in sac-like organs attached to the abdomen 
of tbe mother. These animals* occur in countless swarms in all waters, whether salt or 
fresh ; and, minute as they are, one species is said^o Jonstitue the principal food of the 
Antarctic \7hale. 
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The best known form is the genus Cyclops (Fig. 112), specimens of which may be 
found in every stagnant pool ; it is the type of the family Cyclopidat % characterised by the 
possession of a single eye. In the Cetochilidce there are two of these organs. 

° Order IV. — Ostracoda. 

General Characters.— In this order, composed of animals generally of very 
• minute size, the body, which strongly resembles that of the Copepoday is always 
inclosed in a little bivalve shell, the 
, feet and antennae being protruded 
between the lower edges ‘of the valves. 

These little shell! so closely resemble 
those of minute bivalve Mollusca, 

that those of somo of the larger ( * 

vSu" species haye actually been described «*• U4 -^. em “ Steff - 

by conchologists as the coverings of 

animals belonging to that class. The antennse are often curiously branched ; and the 
hinder extremity is usually produced into a sort of tail, which is seen in constant action 
when the animal is in motion. 

Divisions. — This order forms two families — the Cyprida , in which the body is 
entirely inclosed within the shell, of which the genus Cypris (Fig. 113) is on example ; 
and tho Daphniadw , in which the head is protruded beyond the shell. In the 
Polyphemus (Fig. 114), belonging to this group, the head, which is large, is almost 
entirely occupied by an enormous eye, giving tho creaturo a most singular appearance. 

Order V. — Phtllopoda. 

General Characters. — In this order wc meet with animals generally of larger size 
than those comprised in the preceding groups. They consist of a considerable number 
of segments, furnished with foliaceous feet, serving both as natatory and respiratory 
organs. Some of them are covered by a carapace or a bivalve shell, whilst others are 
destitute of this protection. Tho her.d is usually quite distinct from the following 
segment, and be^rs two large eyes and two pairs of antennae, which are often of very 
singular forms. Tho imuth is furnished with jaws. * 

Divisions — This order is divided into two families. In the first, the Apodidat , 

tho body is protected by a ca- 
rapace, which often takes the 
form of a bivalvo shell. Tho 
animals are frequently of con-' 
sidcrablc size ; and the number 
of feet in the typical genus 
Apus (Fig. 116), is as great as 
sixty pairs. A singular cir- 
cumstance, connected with this 
animal, is that it sometimes 
makes its appearance in great 
Vig. 115. — Umnadla. numbers in ponds that have A Jus Montagu 

been dry for some time, as soon 

as they are filled up by heavy rains. In the genus Apus the carapace is one piece, 
completely inclosing all the antewior portion of the animal, In the Zimnadia (Fig. 
115), also belonging to this family, it forms a sort of bivalve shell. 
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* The second family includes the naked species, or those which are not provided with 
a carapace. They^re called Branchipodidas , from the name of the typical genus, 
Branchipus (Fig. 117), an animal which is often found after heavy rains in cart ruts 
and other small pools. Another species, the Artemia salina (Fig. 118) inhabits a still 
more curious situation, namely, the* sjdt pans 
at Lymington, where it is usually found in 
those pans in which the evaporation of the 

water has proceeded to a considerable extent. rig n7._Br*nchipus Stagnalis. 

This is also, probably, the proper position » 

for a singular order of fossil Crustacea, the well*known TrilobiU* (Trilobita), of which 
vast numbers occur in some of the earlier strata of the earth’s 
• . crust. Their general form 

is well showji in the an- 
nexed fi^ire of Calymene 
Blumenbachii ; they posses- 
sed well formed, compound, 
facetted eyes, which are 
frequently well prcfjprved 
in the fosSil state. The body 
is usually divided into three 
regions, of which the first 
and last are commonly in 
Fiff. 118,-Artemia Salina in different t ] ie f orm 0 f semicircular 
stages of growth. ...... .... 

plates, whilst the middle 

portion exhibits distinct segmentation, and by its flexibility enabled the animal to 
double itself up in the manner of the common Woodlouse. These animals are now 
quite extinct, although during the period of the deposition of those ancient strata in 
which their remains are found, they were almost the only representatives of the class 
Crustacea . ' * 




Fig. 119. — Calymene 
Blumenbachii. 


Subdivision III. — Xypiiosuka. 

This subdivision includes only a single order : 

Obdek Xyphosuba. 

The order Xyphnsura consists only of a single genus, the Ztmuli 9 sr King-Crab s 
(Fig. 120), which, from the locality inhabited by the commonest species, are frequently 
termed Molucca Crabs, They are amongst the largest of crustaceous anima ls , sometimes 
measuring as much as two feet in length. * 

The body of these animals is composed of two divisions»‘*-an anterior, crescent* shaped 
piece (c, Fig. 120), or carapace, inclosing the cephalothorax with its organs ; and a 
posterior, ^somewhat hexagonal piece, formed by the coalescence of the abdominal 
segments. From the posterior extremity of this second division of the body projects a 
long, spinc-likc tail, which exhibits no trace of segmentation. The upper surface of 
the body is very convex ; tbe lower surface, on the contrary, is very concave in the 
middle, forming a hollow, in which the feet are lodged. 

The upper surface of the*oarapace is marked by three ridges (see Fig. 120) ; the 
middle terminates anteriorly in a small tubercle/ out each side of which is a minute 
simple eyfc ; but the creature is also furnished with true compound facetted eyes, pl ac ed 4 
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one on each side, on the outside of the two lateral ridges. Three sides of the abdominal 
plate are confined within the posterior margin of the carapace ; of the others, two are 
notched and furnished with moveable plumose spines, and the caudal spine is capable 
of motion in every direction. The mouth, which is situated near the .middle of the 
lower surface, is ‘completely destitute of true jaw^; hut the basal jointB of the five pairs 





Fig. 120. — Limulus. 


Fiff. 121.— Under surface of Limulus. 


of logs (b 9 Fig. 121), which are attached close to the buccal aperture, arc armed with 
homy spines, forming very efficient organs of mastication, whilst their extremities, 
being converted into prehensile claws, are employed in the conveyance of food to the 
mouth. Immediately in front of the mouth are placed a pair of short jointed antennoe 
(i e , Fig. 121), which also bear a small pair of forceps at their extremity. 

The coiftavity of the abdominal plate is occupied by six pairs of fin-shaped abdomi- 
nal feet (ab 9 Fig. 121)* of which five pairs are furnished with branchiee, whilst the first 
pair, which is destitute of those organs, forms a sort of cover for the rest. The anal 
opening is situated close to the base of the caudal Bpine. 1 

These singular animals, which appear to be most nearly allied to the Phyllopodous 
Entomo8traca — but which also in many points, especially in the structure of their eyes, 
approach the true Crabs — are found in a very limited area ; they occur only on the 
shores of tropical Asia, the Asiatic Islands, and on the western coasts of tropical 
America. The young closely resemble their parents, except that, at their first escape 
from the egg, they possess only two 'pairs of branchial feet, and are quite destitute of a 
tail. 




WHALE LOUSE. 


303 


Sub-class IV. — Edblophthalmata. 

General Characters — The animals belonging to this sub-class have the head 
distinct from the thoracic segments, which are also separate, and never amalgamated 
into a single mass (the so-called cephalotjiorax ), which occurs so generally in the other 
Crustacea . The head always bears a pair of eyes, which are never pedunculated ; they , 
usually consist of a number of simple eyes crowded together into one spot, although 
some species possess regular compound eyes. The mouth is fumi^ied with jaws, and 
with a single pair of foot-jaws ; and these* arc usually folio Pred by seven^ pairs of legs, 
to which the branchial organs are attached. * • 

visions. — The JEdrioph thalmatA form three orders, characterized principally by 
the structiire of the feet and abdomen. In the first, the Laemodipoda , the abdomen is 
rudimentary, or in the form of a minute tubercle without appendages ; in the Amphi - 
poda, the abdomen is well developed, aiftl furnished with limbs, but the branchial organs 
ire confined to the thoracic lugs ; whilst in the Isopoda the abdominal legs appear to be 
die organs of respiration. 

OilDF.ll LiEMODIPODA. 

General Characters- — These animals arc at once distinguishable by their rudi- 
mentary abdomen, which usually forms a very inconspicuous part of their bodies. 
The head is small, furnished with four antennae, and usually bears the first pair of 
legs; the mouth is armed with well-developed jaws, and with a pair of foot-jaws 
bearing long palpi. Of the seven pairs of legs usually present, two are sometimes 
wanting — their places being taken by small tubercles or vesicles connected with the 
process of respiration ; this change usually takes place on the third and fourth segments, 
and similar vesicles also occur on the second and third. The legs of the first and 
second pairs arc terminated by a raptorial grasping organ similar to that of the well- 
known Mantis , or Praying insect ; the others a^e usually armed with sharp moveable 
hooks. The ova arc received into a sort of pouch, formed of stVcral leaves, which are 
attached tp the footless segments. t * 

divisions — This curious little order includes only two families. The Cyamider^ 
or Whale-lice (Fig. 122), which infest the different species of cetaceous Mammalia, form 



Fig. 122. — Caprella Fhasma. Fig. 123. — Whale-Louse (Cyamus Balaenaram.) 

the first of theso. They have a broad body, with a small head, and a pair of large 
jointed antennas. The other^ antennae, and the first pair of legs, are very small; 
but the second pair are of large size, and very powerful. The legs of the third and 
fourth segments are converted into long tubular branchial vesicles ; but those of the 
last three segments resemble the second pair in their strength, and in the sharpness of 
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their daws. These animals often infest the whales in such .vast numbers that tliek 
victim may be recognized at a distance by the whitish tint of hisskin. 

In the second family, the CapreUidt s, all the proportions of the body are reversed ; 
instead rOf being broad and flat, it is long, slender, and nearly cylindrical, and the limbs 
undergo a corresponding extension in the same direction. The antennie are frequently 
of considerable length ; and the two first pairs of feet exhibit a striking resemblance 
to those of the Mantis. One genus has all the segments furnished with legs ; in another 
(Fig. 123), the third and fourth bear small vesicular organs in place of limbs. 

Order Amphipoda. 

General Characters. — This order also consists of animals mostly of small size, 
none of them exceeding two inches in length. They usually live free in the water or 
burrow in sand ; a few species are parasitic on fishes. The head is completely separated 
from the first thoracic segments, and i^sually bi ars four antennae, which arc sometimes 
of considerable length. The mouth is furnished with jaws and a pair of foot-jaws. 
The thorax consists of six or seven segments, each bearing a pair of legs, which aro 
usually furnished with leaf- like branchial appendages, at their bases. In the females of 
some species the legs also b n ar peculiar appendages, which serve to keep the eggs under 
the body. The abdomen is well-devclo’ped, and furnished with limbs of various forms, 
sometimes adapted for swimming, sometimes for leaping — a movement in which some 
of the Amphipoda display great agility. They always lie upon their sides in swimming. 

Divisions* '-This order also includes two families — the Hy peridot and the Gam- 
marida. The first is characterised principally by the small size of the foot-jaws, 
which are not furnished with palpi or similar organs. The legs are usually unequal 
in size ; and one or two pairs are often remarkably large, and converted into powerful 
prehensile organs. The Gammaridce are characterised by the large size of the foot-jaws, 
which cover the whole mouth. The common Talitrus locusta , or Sand-hopper (Fig. 89), 
which may be met with in thousands upon the sands of our shores, is a well-known 
example of this family/ Although its length is not much more than half an inch, it can 
leap several inches into the air, and the facility with which it escapes pursuit by burrowing 
into the soft wet sand,*is truly wonderful. Another species, Gammarus pulex (Fig. 124), 
is found commonly in fresh water, and is scarcely inferior to its marine relative in 
agility. , 

The Coryphium longicorm (Fig. 124), remarkable for its long antenna, is not less 
so for its singular habits. It is found at Itochelle, where it burrows in the sand, and 


Fifr- 124. Fig. 125. 

Fig. 124. — Gammarus Pulex. 

Fig. 126.— Coryphixun Longieorne; a, terminal segment of the tail. 

wages constant war with all other marine creatures of .moderate size tha$ come in its 
way. To discover their prey, cthey beat about in the mud with their large antennas. 
The comparatively gigantic size of many of the Annelida does not protect them from 
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gttack ; a suitable number of the little warriors make common cause against the enemy, 
who soon succumbs to their united efforts. 

Order Isopoda. 

General Characters.— This order includes the greater part of the JSdriophthabnata, 
and the animals composing it exhibit & groat variety of form and structure. The body 
is sometimes of an oval, sometimes of an elongated form, convex above and flat tfeneath ; 
the head (Fig. 126 c) is small, distinctly separated from the first thoracic segment, 
and bears a pair of round eyes, usually formed of a collection of single eyes, but some- 
times truly compound. The antennae are often of ^onsiderabfc length, and* the jaws arc 
well-developed. The thorax consists of seven segments (tf 1 — < 2 ), each of which*bears 
a pair of feet (p — pp) ; these are usually similar in form, nearly equal in size, and 
furnished, in the female, with basal plates for the pro- 
tection of the eggs. They never bear branchial plates 
as in the preceding orders. The abdoindh (ab) inwcll- 
formed, and consists of six segments, which are often, 
however, more or less amalgamated together. The 
abdominal legs are furnished with a pair of large oval 
plates, of which the inner is of a soft consistence, and 
acts as a branchial organ; the sixth pair, however, 
usually forms a sort of cover, which can be folded over 
the others for their protection. In the air-breathing 
species, of which the common Woodlouse (Fig. 126) is 
an example, the branchial plates of the hinder abdomi- 
nal legs are quite rudimentary, whilst those of the 
anterior ones are well-developed. Into these the air 
obtains access by small apertures at their base. 

Divisions. — This order is remarkable, from its presenting, in its lowest forms, 
animals as thoroughly parasitic in their habits as the Crustacea of the Entomostracous 
order Farasita ; whilst at the opposite extremity of the scale, the*air-breathing Isopoda 
appear to ipake a very close approach to the Myriapoda. M. v M*lne Edwards has 
divided the Isopoda into three sections, denominated, from their habits, Cursorial , Nata- 
torial , and Sedentary Isopods. The latter comprises those species which ore fitted for a 
strictly parasitic existence, being furnished only with clinging feet We include only 
a single family in this section, the Bopyridce , which live in the branchigl cavity of 
Shrimps. The females of these animals are scarcely more recognizable as Crustaceans 
than the Cirrhopodous Barnacles or Acorn shells. * They are of an irregularly oval form, 
furnished with fourteen feet, but quite destitute of eyes. The males are about a sixth 
part of the size of the females, and present very much the fo?m of %n elongated Wood- 
louse ; but the feet are very short, and the abdominal segments are amalgamated into a 
single plate.,. 

The Natatorial Isopoda have the last pair of abdominal feet, terminated by horizon- 
tal plates, which form, with tho extremity of the abdomen, a regular caudal fin. This 
section includes two families. Of these the Cymothoidce (Fig. 127) are parasitic upon 
fishes, apparently having an especial predilection for their tailB. They have small heads, 
with short antennas; and the legs. are short, and terminated by hooks. In the second 
family, the Spharotnida , the body is usually oval and vpry convex, sometimes nearly 
hemispherical ; the head is large, with four longish antennas, and the feet are slender 9 



Fig. 12C. — Woodlouse (Oniscus). 


ORGANIC NATURE.— «*•. XXII. 
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# and fitted only for walking. The five first abdominal segments are fused together ; but 
the last is free and of largo size, forming, with the lateral fins, a 
powerful natatorial organ. These animals all live in the sea, 
especially on rocky coasts. Liko the W oodlice they are able to 
roll themselves up into a ]>all. 

The Cursorial, or walking Isopods, are distinguished from the 
preceding by the absence of the fin-like expansion of the posterior 
♦ extremity of the body. The first family, the Idotheidce , is dis- 
tinguished by the development of the posterior abdominal feet into 
a pair of flat appendages, which can he made to cover the branchi- 
ferous feet completely. These animals all live in the sea ; they 
arc of an elongated form, and the outer antenna are usuaRy of 
great length. The second family, the Asellida, resembles the 
preceding in manv respects, but the appendages of the last abdo- 
minal segment are styliform. One species of this family, the 
Limnoria terebrans, a little creature about the sixth of an inch in length, is exceed- 
ingly destructive to wood- work immersed in the sea. It bores into timber in every 
direction, apparently for the purpose of feeding upon it, and has 
often produced great alarm by its ravages. Some species of this 
family also live in fresh water. 

The last family, the Onisdda, including the well-known Oniseus , 
or Woodlouse (Fig. 126), and many similar animals, is characterized 
by the adaptation of its members to a terrestrial existence. The 
outer antennae alone are visible, the inner pair being usually very 
minute. The body is generally oval, with the rings very distinct ; 
and the legs are formed exclusively for walking. Nearly all thcBG Fi £* 128. — Armadillo 
animals live on land, in damp places, under stones, dead leaves, pustulatus. 
and moss ; some of them arc not uncommon in cellars. When alarmed, they roll 
themselves up into a ball (Fig. 128), presenting nothing but the smooth, convex 
surface of their scaly prmour to their enemy. 

Subclass V. — Podophthalmata. 

General Characters, — The animals forming this sub-Ciass are distinguished by 
many peculiarities from those of the preceding sections, and undoubtedly present the 
characteristics of their class in the greatest perfection. They arc easily recognized by 
the position of the compound eyes at the extremity of a pair of moveable stalks (Fig. 
129 y), which arc often of considerable length (Fig. 96). The head and thorax are 
generally amalgamated into a single piece, called the cephalothorax, which bears the 
antennae, the eyes, the mouth with its jaws (Fig. 94), and the feet (Fig. 129 p) ; of 
the latter organs five pairs are usually present, besides one or more pairs of foot-jaws. 
The remaining segments are generally quite distinct, forming a jointed abdomen, 
which is frequently terminated by a fan-like caudal fin (n). The abdominal legs 
are sometimes organized for swimming ; but rarely, as in some members of the pre- 
ceding suh-dass, hear respiratory appendages, the branchiae being usually inclosed within 
a cavity on each side of the cephalothorax, as already- described. 

Divisions, — The PodophtKklmata , or stalk-cycd Crustacea, may be readily divided 
into two orders, characterized by the structure of their respiratory apparatus. In the 
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first, the Stomapoda, the branchi®, when Tisible, hang freely from the M 

• • OH TV 



as, antennae of the first pair ; at, antennao of the second pair; l t lapinar appendage covering its 
base; r, rostrum, or frontal prolongation of the campace ; y, eyes ; pm, external foot-jaw ; p * p 
first thoracic member ; ;n, second thoracic member ; fp, false legs, or swimming members of 
the abdomen ; n, tail-fin. 

filiform organs, at the base of the abdominal feet ; whilst in the second,* the Decapoda , 
they are always inclosed in cavities of tile ceph a lo thorax. 1 


V — 


On mm Stomapoda. 

General Characters.— This order is composed of some singular animals, which 
appear to have relations with all the other groups of Crustacea, and, of course, exhibit 
a corresponding diversity of structure amongst themselves. The»thoracic segments are 
sometimes completely covered 
by the carapace ; whilst, in 
other forms, the carapace 
only covers one or two seg- 
ments. The segment hearing 
the eyes and antennae is 
always distinct. The mouth 
is furnished with jaws, and 
usually with a single pair of 
foot- jaws ; these are followed 
by seven or eight pairs of true 
feet, of which the anterior 
are often converted into pre- 
hensile organs, whilst the pos- 
terior are usually organised 
for swimming. The prehen- 
sile feet arc never terminated • 

by nipping daws, like those of the Lobster. The atidoftinal feet are usually loaf-like 
organs; they hear, attached to their bases, tufts of branched filaments, which act as 



Fiff. 130.— Squjlla. 

y, eyes ; a , antennip ; p t , first pair of legs 


il " t p ? ir ° I ie £* P* second pair of 
pro-lega', ^ « “ M “‘ 
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respiratory organs ; these, however, are sometimes altogether wanting, and are very 
rarely attached to the thoracic legs. 

Divisions. — The Stomapoda form three families. The Phyllosomidcs are animals of 
an extraordinarily flattened form, with the shell thin and transparent ; the body is 
apparently divided into two parts, — a longish or oval cephalothorax, bearing the eyes, 
which are supported upon long slender stalks, the short antennae, and the mouth ; and 
a second piece, composed of the thoracic segments, which bears seven or eight pairs of 
long slender feet on its margins. The abdomen is very small. These animals are 
oceanic in their habits, and are generally found in the southern seas. In the second 
family, the Squillida , the body is elongated, and bears a considerable resemblance to 
the well-known insect, the Mantis ; hence the typical genus Squilla (Fig. 130) is fre- 
quently called the “ Sea Mantis.” Some of them attain the length of a foot or more ; 
but their average size is about three or four inches. The eyes aro mounted on short 
foot stalks. The antennae are of moderate length, and the outer pair have an oval plate 
at the base. The carapace is small, and leaves three segments of the thorax uncovered ; 
these bear three pairs of swimming feet. The mouth is furnished with distinct jaws, 
apd with five pairs of large foot-jaws. The second pair, especially, are of extraordinary 
size, forming large raptorial organs; whilst the others are furnished with a largo 
vesicular joint, against which the terminal claw can be applied in the same manner 
as the last joint of the anterior pair. All these feet are so arranged that their extre- 
mities can be easily brought in contact with the mouth, so as to hold the prey in a 
convenient position for the action of the jaws. The abdomen is furnished with six 
pairs of feet, of which the last pair are formed into fin-like organs, which, with the 
extremity of the powerful abdomen, constitute an excellent natatory organ. The other 
abdominal feet bear fhe branchiae, which consist of bundles of branched or plumose 
filamentous organs. 

The third family, the Mysidcs , forms a distinct step towards the following order ; 
the animals composing it presenting, in fact, so close a resemblance to the true Shrimps, 
that by many author., they have been placed with them. In the form of the body 

they exactly resemble the Shrimps ; the thoracic seg- 
ments being completely inclosed in a carapace, and 
the abdomen bowed and furnished at its extremity 
with a caudal fin of five plates. The thoracic feet 
vary in number. They are usually furnished with long, 
jointed appendages, which appear like so many addi- 
tional limbs. The branchisB are sometimes attached 
to the abdominal legs, sometimes to the thoracic legs, 
and sometimes they are wanting altogether ; but they 
are never inclosed, as in the following order, within 

Fig. 131. Mynis Vulgaris, about the carapace. These animals have received the name 

twice the natural length. 0 f “ Opossum Shrimps,” from the cuiious pouch, 

a, one o e egs. formed of plates attached to the abdominal legs, in 

which thiTemale protects both her eggs and young, until the latter have attained a 
considerable development. They occur but sparingly in the European seas, but swarm 
in profusion in some parts of the world, especially in the Arctic Ocean, where they are 
said tp constitute an important portion of the diet of the whale. 

7 . 
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Order Decapoda. 

The general characteristics of the animals of this order have been already so fully 
described, that we need only say here, that it includes all those stalk-eyed 
Crustacea , in which the whole of the thoracic segments are united with those of the head 
into a single mass (the cephalothorax), incased in a common shell, with no traces of 
segmentary division (the carapace ), and which have the branchial organs inclosed within 
a cavity on each side of the cephalothorox. The true thoracic legs arq almost always ten 
in number ; whence the name of the order. • It includes an immense number of species, 
generally of considerable size, when compared witlf the other Crustacea ; and thes? vary 
so greatly in their form as to have given rise to the establishment of three distinct sub- 
orders* characterised principally by the degree of development of the abdominal region. 

Sub-o^jeji I. — Macrura. 

General Characters. — In this order, including the Long-tailed becapod Crustacea , 
the abdomen is largely developed, generally longer than the cephalothorax, capable of 
being extended backwards, and furnished at the extremity with a fan-shaped caudal 
fin, which is of great service to the animal in the operation of swimming. The 
first five segments of the abdomen are fumishctl with laminar or cylindrical legs, to 
which the ova arc attached by a sticky matter after expulsion from the ovaries. The 
two last segments with broad plates, which, with a similar plate at the extremity of 
the last segment, form the five-fold tail fin. The antennas — the outer pair especially — 
are usually of considerable size, sometimes even exceeding the body in length, 
and the feet are often terminated by a pair of nipping claws, of which those of the 
anterior pair are sometimes of great size and power. The Macrura undergo but little 
change in their progress to maturity ; the young, on first escaping from the egg, 
usually presenting a very close resemblance to their parents. 

Divisions. — The Crangonidee , including the well-known Shrimps and Prawns 
(Fig. 129), form the first family of the Macrura . They are 9 distinguished by the 
possession yf a large oval or triangular appendage (Fig. 129 /),^Krhich Covers the base 
of the first joint of the outer antennae. In their general appearance they all present a 
considerable resemblance to the common Shrimp, which is too well known to need 
description. They all inhabit salt water, and generally occur in qumbers together, on 
sandy coasts ; and in spite of their small size, they are everywhere in great request 
as articles of food. The second family, the Astacidee , to which fhe common 
Lobster belongs, is distinguished from the preceding by the small size of the appendage 
at the base of the outer antennse, besides many other differences in form an distract ure. 
The anterior pair of feet is always much larger than the others, and armed with power- 
ful nippers. Some of these animals live in fresh water. These are of smaller size than 
the marine ypecies, but are also eaten in great numbers by the inhabitants of the neigh- 
bourhoods where they occur. The Astacus Jluviatilis , or Cray fish, is very com- 
mon in our rivers ; and may be seen for sale, boiled as red as a Lobster, in many inland 
towns. In the remaining Macrura , the base of the outer antennm is not coverecffcy a move- 
able plate ; but the animals generally exbibit a very close resemblance in form to the 
Astacidee, In the Thalassinidce the shell is of a somewhat homy consistence ; the breast 
is very narrow, and the anterior mpping claws of large size. The last family, including 
perhaps the largest Crustacea, is that of the PalinuriJce , of which the Spiny Lobster 
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is an example. These are powerful animals, with very hard shells. The breast ift J 
broad, the outer antennae usually very long, and the anterior feet are rarely fur- j 
nished with nippers, and these, when present, are small. All these unmalfl inhabit 
the sea* where they usually frequent deepish water, not far from the shore. Many of , 
them are used as food in various countries. The Palinurus , or Spiny Lobster, often j 
weighs gs much as twelve or fifteen pounds. It was in great esteem amongst the ancient j 
Homans, who denominated it Locusta* j 

Sub-order II. — Anomura. | 

General Characters* — The sqeond sub-order of the Decapod Crustacea includes a j 
number of animals which appear to hold an intermediate position between the Long- 
tailed forms just described and those in which the abdominal segments ar^ least 
developed — the third sub-order Brachyura . They partake, to a great extent, of the 
characters of both groups, sometimes approaching one, sometimes the other ; so that it 
becomes almost equally difficult either' to distribute them amongst the Long and Short- 
tailed forms, or to find characters by which they may be distinguished from the other 
two groups. 

r They are distinguished from the Macrura principally by the form of the abdomen, 
which scarcely ever possesses the fan-Jike fin so characteristic of those animals, and j 
never bears natatory feet ; whilst they differ from the Brachyura in nearly always having ; 
appendages attached to the last abdominal segment but one, which are wanting in the ! 
latter sub-order. The abdomen is sometimes bent under the body like the tail of a j 
crab, sometimes extended backwards in a line with the body. The inner pair of antennae j 
is generally of moderate size, and the outer pair of con side Table length. The three first 
pairs of feet are always well-formed, and the anterior pair are generally furnished with 
powerful nippers. The fourth and fifth pairs are generally Bmall, and frequently rudi- 
mentary. In the latter case they are sometimes attached to the back. The development 
of the young appears to resemble that of the Brachyura ; the newly hatched young, as 
far as yet observed, bepig very like that of the common Crab. 

Division^ — In the first family of this sub-order, the agurida , or Hermit Crab s, 
the abdominal portion's quite soft, forming a sort of cylindrical fleshy mass behind the 
shelly cephalothorax. The latter bears well-developed feet, of which the anterior pair is 
usually converted into formidable nippers. As the comfort of the animal would be 
materially interfered? with were this soft, worm-like appendage constantly exposed to 
be grabbed at by every passing fish who might take a fancy to it, he usually seeks some 
shelter for his tail, and the habitation selected is generally the Bhell of some univalve 
Mollusk. Into this spiral home the Hermit Crab is coiled, and retains himself in 
this position by means of a sucker at the extremity of his tail, assisted by two or three 
rudimentary feet, which at j developed upon the abdominal sac ; and so firmly does he 
. adhere to his castle, that he will allow himself to be tom to pieces rather than let go his 
hold. By protruding his body, with its three pairs of legs, from the orifice of the shell, 
the little Hermit is enabled to walk with ease upon the sandy beach in search of his 
prey; but Ahe moment danger threatens him, he disappears again into his cell, the 
orifice of which is then occupied by one of his claws, which is always larger than the 
other. As the Crab docs not possess the same power of adding to tho size of the 
domicile that was enjoyed by the original tenant, he is compelled, from time to time, to 
hange his residence for one a little' larger, and often appears almost as difficult to please 
as a human householder in the same predicament. Often 1 "they may be seek crawling 
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«about amongst the empty shells just thrown upon the beach, trying one after another, 
until they meet with one uniting all the conditions requisite for Crustacean comfort; 
but, until this great object of their search is attained, always returning to their old 
house after each unsuccessful trial. It is said, indeed, that when two of theiq happen 
simultaneously to cast a longing eye upon some particularly suitable residence, they 
often engage in a fierce battle for the possession of the coveted object, which ^io victor 
carries off in triumph. 

Several species of Hermit Crabs inhabit our shores, and may bo frequently found 
in the pools left by the retiring tide, by # any one who wiU take # the trouble to look 
for them. A curious species belonging to this# family, the B try us latro , inlyibiting 
the Isle of France, which protects jts soft body in holes in the earth at the roots of 
trees* is said to feed upon cocoa-nuts, and oven to climb up the trees in the night to nip 
off the fruit. 

In the Ilippidre (Fig. 133), the fleshy abdomen disappears, and its placo is taken 
by a jointed tail, furnished with a pair of mof cable appendages attached to the last 
point but one. This tail is sometimes extended behind, but generally bent under 



Fig. 1 32. — Remipcs Tcstudinarius* ■ 1 33 - n *PP a * 

the breast (Fig. 132), as in the true crabs, and never terminated by a fan-like fin. 
These animals generally live in the sand, vhcrc they bury # themselves with great 
facility by means of their flattened feet. The family Porcelltinidajjxicfafas some small 
Crabs, which, from their beautifully smooth texture, have received the name of Porcelain 
Crabs, In their form they resemble the true Crabs, and like these their anterior feet 
are converted into powerful nippers : but their tails, although fyent under their body, 
are furnished with a small fan-like fin. The outer antennas are very long, and the fifth 
pair of feet are rudimentary. Like the preceding family they generally uve buried in 
the sand. 

In the remaining families of the Anottiuva y the tail is destitute of terminal appendages, 
and the form gradually approaches that of the true Cr^bs. Jn the B(tnintd& y the 
four hiTidwr pairs of legs are nearly equal in size, and flattened so as to form natatory 
organs. * 

In the Homolidat , the three middle pairs are long and cylindrical, whilst the fifth 
are much shooter, furnished with a prehensile claw, and placed quite at the back of tho 
animal, or concealed under the carapace ; the inner antennm also are of considerable 
length ; and in tho Brotniid ©, which make the nearest approach to the Brachyura the 
fifth and sometimes the fourth*qnd fifth pairs of legs, are altered in form as in the pre- 
ceding family ; but tho inner antenn© arc short, and capable of being concealed in small 
pits situated at the front of the head. 
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Sub-order III. — Brachyura. 

General Characters. — In the Brachyura, of which the common edibie Grabs 


may serve as examples, the abdomen is always converted into a short, jointed tail, 
quite destitute of terminal appendages, and bent round so as to fold closely under the 
breast (Fig. 134). The cephalothorax is usually of a moro or less rounded form, 



generally broader than long, 
and often produced in front 
into a point. The upper sur- 
face is entirely covered by a 
single plate (the carapace). 
The eyes and the inner an- 
tennae, the latter of which 
are very short, can be entirely 
concealed within Bmall cavi- 
ties of the forehead. The outer 
antennae are never of any 
great length, and the anterior 
feet are always converted 
into nippers. The four other 
pairs of legs are generally 
terminated only by single 


Fig-. 134. — Carcinus Mamas (Common small edible Crab), upper 
side, and under side of the body 'with the limbs cut short ; 
a, lateral antenna ; b t intermediate antenna ; c, eye ; d t 
outer foot-jaw ; e 9 f t g % A, t, base of the live pairs of legs ; 
k t tail ; /, sternum. 


claws. They are sometimes 
flattened to assist the animals 
in swimming ; but, as a gene- 
ral rule, the feet are formed 


exclusively for running. This is performed, not forwards, as in most other animals, 
but with a curious sidelong gait ; and the aspect of a Crab, when making his escape 
from danger, with his claws extended, and every limb in the most rapid though awkward 
motion, is often very droll. 

The tail of the female Crab is always much broader than that of the malt, and bears 
four pairs of filiform appendages on the side which is* applied to the breast. To these the 
eggs are attached, so as to be protected by the homy plates of the tail, until the young 
animals are developed. These, on first coming out of the egg, are active little fellows, 
with long tqils, which, after their first moulting, acquire a singular spine on the middle 
of the back, whilst a similar spine is developed, at the front of the head (Fig. 99, p. 295). 
These were described, when first discovered, under the generic name of Zoea. At a 
later peridd the eyes become pedunculated, the legs acqjuire somewhat of their mature 
form, the nipping clrws of* the anterior pair are developed, and the spines disappear. In 
this form the young animals have received the name of Megalop*. It is to be observed, 
however, and this constitutes one of the most singular facts in the history of these 
animals, that this metamorphosis is by no means universal amongst the Bachyura,—Mhe 
young of some species, like those of the Macrwra , nearly resembling their parents from 
the moment of their leaving the egg ; whilst those of others, nearly allied to these, 
undergo a regular series of changes before arriving at their mature form. 

Division*. — Professor Milne Edwards divides the Brachyura into four families. 
The first family, the Oxystomata, have the carapace orbicular, and arched in front ; and 
the openings for the passage of water to and from the branchial cavities are placed 
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•close together in front of the mouth. The anterior daws are often of very large size, 
and cqpously compressed ; so that they can be applied to the sides of the cephalothorax 
so dosely as to be invisible from above. The other legs vary greatly in their develop- 
ment, being sometimes long and stout, sometimes short and weak ; sometime^ formed 
exclusively for walking, and sometimes more or less flattened to form .natatory organs. 
In the genus Dorippe y the fourth and %fth pairs of legs are reduced in size, placed 
quite at the back of the animal, and terminated by curious prehensile hooks. 

In the second, the Oxyrhyncha, Maiadce , , or Sea- Spiders, the carapace is more or less 



Fig. 135 . 1 — Spider Crab {Mata). 

narrowed in front, forming a projecting beak or rostrum (Fig. ; tfie legs are long 
and hairy ; the back usually covered with spines and hairs, whence the name of Sea- 

Spiders, or Spider-Crabs, by which these 

animals are commonly Jknown. These Crabs 
generally live in deep water, and rarely ap- 
proach the shore. Of the third family, the 
Cyclometopa , or Canceridm, the common edible 
Crab ( Cancer Payurus , Fig. 136), may 
serve as an example.. In this family the 
shell is regularly rounded in front, and 
narrowed behind ; the legs are of moderate 
1 ngth, the claws large, and often unequal 
in size. The common Crab is too well 
known to need description. It inhabits 
deep water, and is captured in large quan- 
Fig. 136.— Cancer Paguaus. tities, by sinking baskets, pots, or nets, 

baited vrit\ carrion, in places which it is 
known ter frequent. The small edible Crab (Carcinus Mann*) Fig. 134) is also well 
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kno^n. It is to be met with, in profusion, on all our shores. It is loss esteemed than 
the larger species, and is principally consumed by the poorer classes. Many other 
species are eaten in different parts of the world. Some, of which the Long-stalked 
Crab (Podophthalmus, Fig. 96) is an example, have the posterior pair of feet converted 
into paddles. 

In the Catometopa , or Ocypodida , forming the fourth family, the carapace is usually 
quadrilateral, sometimes oval, with the front generally transverse and knotted. The 
abdomen of the male docs not occupy the whole space between the hind legs. This 
group is represented in Jhe British seas by the little Pea Crabs {Pinnotheres) , which 
shelter themselves within the shell# of many of the bivalve Mollusca , especially the 
common Mussel. f 

The ancients were acquainted with one species of Pinnotheres, which inhabits the 
shell of the Pinna , a common Mediterranean Mollusk. They believed that the 
connexion between the Crab and' the Mollusk was one of mutual advantage ; and 
that the former, ki return for the protection afforded to him by the shell of his host, 
not only gave him timely notice of any approaching danger, but also procured him his 
food. 

1 The most remarkable members of this family are the Land Crabs of tropical j 
climates, which are furnished with # a 
peculiar apparatus of leaflets, for re- 
taining moisture in the interior of their 
branchial cavities. Many of these ani- 
mals live upon the sides of mountains, 
at a great distance from the sea, which, 
however, they regularly visit once a 
year, for the purpose of depositing their 
eggs. They generally select moist lo- 
calities for their terrestrial residence. 

Here they excavate considerable bur- Fig. 137.— Land ('rub [Gecarcinus). 

rows, in wliieh they conceal themselves 

during the day, roamieg about at night in search of food. But some, such as the Gecar 
eini (Fig. 137), are said to inhabit dry woods. The Cardisoma carnifex , whieh usually 
inhabits the Mangrove swamps of the West Indian Islands, lives principally upon the 
fruit of a species of sdnnona , which grows in those places. But nothing comes amiss to 
it. Those individuals whose residence is in the neighbourhood* of the cemeteries 
are said to burrow down to get at the dead bodies ; and Dr. Duchassaing tells us, that 
the West Indian burial grounds are pierced in every direction by tbe burrows of tbeso 
animals. * Nevertheless the Cardisoma is regarded as a luxurious article of food by tbe 
West Indians ; who$ however, take care only to eat those which live in the Mangrove 
swamps, as far as possible from the cemeteries. They are Caught in box rat-traps, 
baited with a piece of their favourite fruit ; and after their capture the)* are usually 
kept some time, and fattened with broken victuals. Another group of Land Crabs, the 
Gelasimi, are distinguished by the large size of one of their claws, which they hold up 
in a menacing attitude as they retreat from any object that has inspired them with 
alarm. From the beckoning action of this claw, the Gelasimi have received the name 
of Calling-Grabs . They make great use of it also in foj-fning their burrows, bringing up 
small pinches of sand or earth ca very now and then, and scattering these waste mate- 
rials to a considerable distanoe round their hole, bo as to avoid? the pre&ence of an 
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pnsightly heap at the entrance to its domicile. The Thelphusa (Fig. 4, p. 198) are 
also Land Crabs, although some of the species inhabit fresh water. 

. Class YI. — Arachnida. 

• 

General Characters. — Tho animals forming the class Arachnida , which includes 
the Spiders and their allies, are amongst those which are viewed with disgust and 
aversion by tho generality of mankind. Confounded, in the popular mind, with the j 
Reptiles, they of course come in for their share of the bad reputation of those creatures, j 
and some of them, no doubt, not without yeason ; but on a closer examination we find 
that, however unattractive they may be in appearance, they present # much Jhat is 
interesting both in their structure ani habits. 

They are distinguished from the other Arihropoda by their aerial respiration, their 
possession of four pairs of legs attached to the anterior division of the body, and the 
total absence of antennae. The body 9 is usually covered with a softish skin, which, 
however, sometimes attains a horny consistency. In the lower fofms the division of 
the body into separate regions is quite unrecognizable, and the whole forms a roundish 
or oval mass, which does not even present traces of segmentation. In the higher groups 
the body is composed of two principal divisions, of which the anterior, as in the Crus - 
tacea, consists of the thoracic segments, amalgamated with those of the head, and 
forming together a mass called tho cephalothorax. In the highest forms the division of 
the thorax into separate segments becomes apparent ; but the anterior segment is still 
amalgamated with the head. The structure of the abdomen varies greatly. In some 
cases it forms a soft round mass without any traces of segmentation; whilst in others, 
as the Scorpions, it is produced into a long flexible jointed tail. 




Fig. 138. — Section of the Ccphulothornx of a Mygnle, showing the arrangement of the nervoui 
system, gef, cephalothorax; m , mandible; g, moveable hook which terminates it; b t mouth; 
a, QDsophagus ; e. stomach ; ab, origin of abdomen ; c, cephalic ganglion ; t, ganglionic mass of 
the thorax ; ca, cords which unite it to the abdominal ganglia ; no , optic nerve ; y, eves. 

Fig. 130. — Buccal apparatus of a Spider. s> sternum ; l, labrum ; ma, maxilla} ; p, maxillary palpi ; 
m, mandibles ; g, hook terminating the mandibles. 

In most of the Arachnida the cephalothorax is armed in front with a pair of powerful 
jaws, terminated by a distinct .claw-like joint (Fig. 139); these are usually per- 
forated, and convey a poison into the wounds inflicted .by them, which, although it 
rarely produces disagreeable effects upon the human subject, appears to be very speedily 
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fatal to the small animals upon which the Spiders prey. These jaws are considered to 
be the representatives of the antennae of the other Arthropoda. Below them is the 
opening of the mouth, which is furnished with jaws of a different construction, called 
maxilla (Fig* 139), bearing on their outer surface long jointed organs, called palpi, 
which often attain an enormous development, aqd are furnished with a pair of pincers 
at their, extremity. In many of the lower forftis the mouth is converted into a sucking 
proboscis. 

The legs are usually formed of the same parts as those of Insects ; a rounded hip- 
joint (coxa) attaches the If mb to the sternujn ; the thigh is united with this by a small 
moveable joint called the trochanter jr the joint following this is the shin (tibia), at the 
extremity of which is the foot (tarsus), usually composed of two joints. The nervous 
system in the higher groups is well developed, consisting of a large nervouc mass 
situated in the lower part of the cephalo thorax (Figs. 138 and 140), communicating with 
a brain, or supra-oosophagral ganglion by a bapd of nervous matter which embraces the 
oesophagus ; and V>f one or more ganglia placed in the abdomen and united with the 
thoracic mass by a pair of filaments. In the Spiders there is usually only a single 


r ct pa ab po s 
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Fig. 140. — Anatomy of iSygale. ct , cephalothorax opened below, and giving attachment to the 
limbs, whose first joints are exhibited; pa, legs of the first pair; p, palpi; tn, mandibles ; ah, 
abdomen ; t, thoracic nervous mass ; a, abdominal ganglia ; po, respiratory sues ; s, stigmata ; 
/, leaf-like folds in the interior of one of these laid open; ov, ovaria ; or, orifice of oviducts ; 
ma, muscles of the abdomen ; an, anus ; f, spinnerets. 

ventral ganglion ; but the Scorpions have one of these nervous knots in each 
segment tf the abdomen. The eyes are situated on the upper surface of 4he 
front of the ecphalpthorajc (Fig. 138) ; they vary in number from two to eight, 
and are of the kind called ocelli, or simple eyes. Other organs of sense have not been 
recognized. 

Respiration is effected by means of air-tubes (tracheae), or by peculiar modifications 
of those organs which, in their most perfect form, have received the name of pulmonary 
sacs. The blood is set in motion by the contraction of a dorsal vessel (Fig. 141), which 
propels the nutritive fluid from behind forwards, and gives off numerous minute 
arteries ; no veins have been discovered. The intestine is sometimes a simple canal, 
running in a tolerably straight direction from one extremity of the body to the other ; 
but in most cases the oesophagus leads into a sac-like stomach, furnished with nume- 
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Fig. 141. — Heart of a Spider, 
a, border of the abrloinea ; 
c, heart ; ar % large artery, 
proceeding from it» ante- 
rior extremity ; v, pulmo- 
nary vessels. 


Pous blind processes, which are sometimes confined to the cavity of the body, but 
frequently send branches into the legs. 

The Arachnida are all unisexual, and all lay eggs, with 
the exception of the Scorpions and a few Mites, in which 
the ova are retained within the ovjducts until they are 
hatched, so that the animals produce living young. In the 
majority of the Arachnida , the young, on escaping from the 
egg, present the same general form that they are to retain 
through life ; but amongst the lower fojms, such as the# 

Mites, the young are often comparatively imperfect, some- 
times possessing fewer legs than the perfect animal, and 
sometime^having the same number of those organs, but in 
a less developed condition. 

Divisions. — The Arachnida may Ije divided into two 
large groups or subclasses, in accordance witlf differences 
in the structure of their respiratory apparatus. In one of 
these sections the animals (when respiratory organs have 
been detected) breathe by means of air-tubes, or trachea^ 
and the eyes are never more than four in number ; these 
form the subclass Trachearia . In the second section the 
respiratory organs take the form of pulmonary sacs, and 
the animals are hence called Pulmonaria ; they possess six or eight eyes. The first 
of these subclasses includes three orders — the Podosomata , .which appear to possess no 
special breathing apparatus, and which are distinguished from all other Arachnida by 
their marine habitation ; the Acarina , or Monomerosoma ta, in which the body is usually 
composed entirely of a single mass ; and tho Aaelarthrosomata, which have the abdomen 
more or less distinctly annulated. 

Subclass I. — Trachearia. 

Order I. — Podosomata. 

This order is composed of a few singular 
spider-like creatures, which have been shifted 
about by different authors, backwards and 
forwards, between thfe Crustacea and the 
Arachnida . They are all marjpe ; some of 

them,, liko the Nymphon (Fig. 142), being 
found amongst stones and sea-weeds on the 
beach, or amongst rocks and corals in deep 
water ; whilst 
others, such as the 
Pycnogonum (Fig* 

143), attach them- 
selves parasitically 
to Fishes and other 
marine animals , 
the species figured 
lives upon shales. 

The body & composed of four segments, amalgamated into a regular cephalothorax, and 




Fig. 142. — Nymphon Grosnfpea, and under 
side of its beak. * 


Fig. 148.— Pycnogonum 
Balanarum. 
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each segment bears a pair of long jointed legs. In front of this mass is a short rostrunf, 
which is sometimes accompanied by a pair of palpiform jaws ; and .between these, and the 
first pair of feet, the females of some species possess a pair of false feet (Fig. 142), to which 
the eggs are attached. The stomach gives off long processes, which sometimes run 
almost to the extremity of the legs ; but no circytiatory or respiratory organs have yet 
been recognized. The nervous system is very imperfectly developed. The young, on 
first leaving the egg, possess only four short legs, furnished with long filaments ; their 
metamorphosis has not been observed. 

These animals form two families : the Pymogonida, which are parasitic in their 
habits, and have the palpi obsolete and the Nymphonid<n y which crawl about slowly 
amongst the stones and weeds of their aquatic home, and are furnished with distinct 
palpi. 

« 

Order II. — Acarjna, or* Monomerobomata. 

General Characters. — Nearly all the animals that we include in this order — of 
which the common Mites are the best known examples— are recognisable at the first 
glance by the form of the body, which usually constitutes a roundish or oval mass, 
without any trace of segmentation. Ttyey arc mostly parasitic animals, furnished with 
a proboscis containing a pair of sharp spines, which serve for wounding their prey, and 
hearing a palpus on each side. The intestine is always furnished with lateral processes, 
which are often recognisable externally by their effect upon the colour of the animal. 
The proboscis is jointed and retractile. Sometimes it is furnished with a swollen base, 
which has been taken for a head. The eyes, which are often wanting in the parasitic 
forms, are two in number when present, and are placed on each side of the anterior 
portion of the body. The respiratory organs consist of tracheae or air tubes, similar 
to those of insects ; these arise from a pair of lateral openings, and ramify through 
the body. Their structure will be described when wc come to treat of the insects, in 
which the tracheae are presented in their most characteristic form. 

The Acarina are generally oviparous animals ; but a few bear living young. The 
young generally poosois only three pairs of feet ; the fourth pair not maxing their 
appearance until after the first moult. 

Divisions. — We must refer very briefly to the numerous families into which this 
order is divided. Th« three first of these groups, like the earlier families of the Crus- 
tacea , are composed of animals in which the characters even of the class are almost 

entirely lost by degradation ; and 
although their general structure 
appears to indicate this as their 
proper position, they have been 
placed in very different situations 
by some zoologists. The first of 
these, the Linguatulidcc , containing 
the Linguatulce (Fig. 144), curious worm-like animals, found in the frontal sinuses and 
lungs of various Mammalia, , and in the lungs of some Reptiles, has generally been 
placed amongst the intestinal worms ; but recent investigations have shown that the 
young of these creatures greatly resemble the Acari in. the form of their body, and that 
they are furnished, whilst still in the egg, with four short, jointed legs. The creature 
resembles a jointed worm, with no traces of external organs, except two pairs of hooks 
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placed dose to the mouth, which serve to maintain the animal in its position* The 
Bccond family, the Sinymeida ?, also includes parasitic animals ; but these select a more 
singular habitation than the LinguatuUe. They are minute, soft creatures, furnished with 
four pairs of legs, which frequently take up their abode in the follicles of the human 
skin ; they arc vulgarly denominated “ maggots in the skin." 

In the structure ol‘ the mouth these creatures agree with the Mites ; their bodies, when 
young, are much elongated, but gradually shorten as they 


approach maturity. They never exhibit any appearance of 
segmentation. The species found on man,, Simonea folli - 
cutoruniy usually confines its attacks to the fade, and 
appears to be particularly partial to the* nose. 

Thfi thiyl of these doubtful Acarinc families, is that of 
the Macrobiotidce — microscopic animals which have usually 
been associated with the Infusoria , an«J especially with 
the Hotifera, They are known as Sloth or ?&ear-ani- 
malcules, and they are to be found in moss or in fresh 
water. Their bodies are usually of an elongated oval 
form, furnished with four pairs of legs, of which the 
hinder arc placed at the extremity of the b<*dy. The 
mouth is furnished with a short rostrum, armed with a pair 
of sharp, moveable spines. The feet generally bear four 
claws. No trace of a circulatory or respiratory apparatus 
has been found in these creatures ; and in one genus 
only do any indications of annulation present themselves. 

The most singular fact, connected with these curious 
little creatures, is their power, although inhabitants of water 
or moist situations, of retaining their vitality for an indefinite 



Fig. 145. — Macrobiotus Rufel- 
andi, seen from the back, a, 
armature of mouth ; b, eye ; 
c y stomach ; d, ovary ; e, hind 
feet. 


period of perfect drought and returning to life the moment 


they are again moistened. The most fruitful locality in which to search for them is 



Fig. 146. * Fig. 147, 


Fig. 146..— Acarus domesticus, or Cbnese-Mito, magnified. 
Fig. 147. — Sarcopti's Scubiei, or Acarus of tko Itch. 


one in which we should, 
scarcely suspect the exist- 
ence of anything animated 
— namely amongst the sandy 
dust that collects in the gut- 
ters on the roof? of houses. 
Here, however, they may 
generally be met yith, not 
unfrequently associated with 
otffer animalcules, in which, 
as we have already seen, the j 
same resuscitation also takes 
place. 

Of the family of True 
Mites (. Acariche ) some are 
active in their habits, like the 
common Cheese Mite (Fig. 

* 146); others are parasitic upon 
or beneath the skins of man 
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and other animals. Of the latter, one species is well-known by its effects ; this is the 
Sarcoptes Scabiei (Fig. 147), which produces the disgusting complaint so common 
amongst dirty people, known as the itch. 

The Izodida , forming another family, are furnished with a powerful rostrum, armed 
with recurved spines (Fig. 148), with which they pierce the skin of the unfortunate 
animals upon whose blood they live. So firmly does this anchor- 
like organ retain its hold, that if the parasite be pulled away it 
Vw/ usually carries a portion of the skin of its victim with it. These 

T^) creatures live upon a great variety of animals. The dog is very liable 

-- i -s-- to their attacks, and many species attach themselves exclusively to 

serpents and other reptiles^ The animal known as the Harvest 
Bug, which is often so troublesome in summer and autumn, also 
An A belongs to this group. The Gam as idee, which are furnished with 

\ly ' a suclcing apparatus very similar to that of the Ixodida, usually 

attach themselves to the bodies of beetles ; and the common Dung- 
^piun^euB X< and beetles ( Geotrupes ) may often be found with the lower surface 
its Rostrum. nearly covered with them. 

In the preceding families — most of which are parasitic in their 
habits — the eyes are usually wanting.. The remainder, which generally lead a more 
active life, are always furnished with these organs. One family, the Hydrackntda , or 
Water-mites, inhabit the water, where they 

swim about with considerable rapidity by moans # ju a 

of their fringed legs (Fig. 149). In their 

young state, they attach themselves parasitically V w 

to aquatic insects ; they then possess only six \ 

legs, and pass through a quiescent or pupa state A 

before acquiring the fourth pair. The Oribatidce | Mm 

— which, unlike the other Acarina , live upon 1B| if 

vegetable matter, principally the leaves of mosses /y* J r 

— are covered with a hard and very brittle skin, 

and have the mouth < adapted for biting. The Fig. 149. — o, Hydrachna Globulus ; b, 
Bdellida, which live amongst damp moss, have ma,tnUled: >° unK ‘ arVa; d ’ pupa - 
the body divided apparently into two parts by a 

constriction, and the* rostrum and palpi very long ; whilst the Trombidiidm , of which 
the little Scsjlet Mite so often seen in gardens is an example, have the palpi converted 
into little raptorial organs. 


’6 tfc 


Fig. 149.— u, Hydrachna Globulus ; b, 
magnified ; c t > oung larva ; d t pupa. 


0RDER III.— AdELARTHROSOMATA. 

General Characters, — The animals composing this order have abdomen 
united to the cephalothorax by its whole breadth, and the body sometimes presents a 
regular oval outline, as in the Mites ; but the abdomen, on close examination, is 
always found to be more or less distinctly annulated. The mouth is armed with jaws 
lilffl those of the Spiders ; and the palpi are generally of great length, and converted 
into nipping daws (< cheHcerd ), like those of the Scorpion, to which some of these crea- 
tures bear no very distant resemblance. Like the Mites, they respire by means of 
tracheae, which open by two or four openings on the lower surface of the body. 
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Fyj. 150. — Harvest Spider (Phalangium). 



• Divisions. — These animals form throe families. . In the first, the Phalangidce, 
of whigh the Harvcgt-mcn, or Harvest Spiders (Fig. 150) of our gardens and fields 
are well-known examples, the division of the 
abdomen into segments is often indistinct ; the 
antennal jaws are large and fumishtgl with a 
didactylo claw ; the palpi are of moderate! ength, 
and the legs in general immoderately long. 

Propped upon these stilt-like limbs, the Pha- 
langia Stalk about amongst plants in search of 
insect prey, and they seem to be very voracious 
animals. Some exotic forms belonging to this 
family* ar<* remarkable for the extraordinary 
shape of their abdomens, which project into 
angles and spines of all imaginable formg. 

The Cheliferidcc , forming the second family, are at once distinguishable by the form 
of their palpi, which are very long, and terminated by strong 
nippers, like those of the Scorpion. These animals, in fqpt, 
resemble little Scorpions that l^ive lost their tails (Fig. 
151). Like the preceding, they are predaceous in their 
habits, and often get into houses in search of food. They 
are frequently found amongst old books, which they visit, 
no doubt, in pursuit of tho minute insects spmotimes to be 
met with in such situations. They occasionally attack the 
common Ilouse-fly, and run quicldy in every direction, 

Fig. 151.— Chclifer. backwards, forwards, and sideways, like little crabs. Their 

appearance, with their little claws extended, is very curious. 

The last family, the Solpugidce, includes several spider-like animals, some of which 
enjoy a most unenviable reputation. The antennal jaws and palpi are of very large 
si zo ; the latter being longer than 
the three anterior pairs of legs. , 

They live principally in tho ? '‘ 

sandy deserts of the old world, 
where tho common species (Ga- 
Icodes araneoides , Fig. 152), 
which attains the length of 
about two inches, is said to be 

a great torment to the camels. • 

They run with great swiftness, and arc very voracious, sometimes even attacking small 
birds and lizards. When threatened, they retreat with tneir head and formidable 
nippers raised in an attitude of defiance ; and their bite is said, by the natives of the 
regions they inhabit, to bo extremely venomous. 

Sub-glass II. — Pulmonaria. 

The p ulmonar y sacs, the presence of which is the leading characteristic of these 
Atnmnlflj are to be regarded merely as modifications of the tracheary structure presented 
by the other Arachnida. Like the tracheae, they open bv stigmata, or small apertures in 
the lower surface of the animal ; but these, instead of leading into a tuft of little tubes 
radiating amongst tho organs of the body, admit the air into a small closed sac, con- 




Fig. 152. — Gale odes. 


ORGANIC NATURE.— No. XXIII. 
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taining a packet of minute plates, laid side by side like the leaves of a book (Fig. 140). 
These animals possess six or more eyes, placed on tho anterior portion of the cephalo- 
thorax (Fig. 153). They are always ocelli or simple eyes, each fur- 
nished with its own separate nervous filament. 

The Pulmonaria form two orders— the Polymerosomata or Pedipalpi y 
in which the abdomen is distinctly annulated and attached to the 
cephalothorax by its whole breadth ; and the Dimerosomata , or truo 
Spiders, in which that region of the body presents no signs of segmen- 
tation, and is connected with the preceding segment by a narrow peduncle. 



Fig, 153. — Eyes 
of Spider. 


* Order IV. — Pedipalpi or Polymerosomata. 

General Characters. — The principal distinctions existing between these animals 
and the true Spiders, which constitute the following order, aro the great development 
of the palpi, which always form large arm-like prehensile organs, often terminated by 
a pair of nippers, and the distinctly simulated structure of the abdomen. The skin is 
always hard and homy ; and the abdomen is attached to the back of the cephalothorax 
by its entire breadth. 

Divisions. — This order includes only two families, and the species in these arc 
not particularly numerous ; but few of the Arachnida are more renowned than these, 

from the universal dread 
inspired by tho venomous 
powers of their best known 
representatives, the Scorpions. 
These form tho family Scor- 
pionidcc , characterized by their 
elongated tail-like abdomen 
(Fig. 154), armed at its extre- 
mity with a sort of hooked 
claw, which, when the crea- 
tures are in motion, is always 
carried over the bafck in a most 
threatening attitude. This 
claw-like organ is the sting, of the formidable nature of which such extraordinary 
accounts aro given V>y the natives of those tropical regions to which, fortunately for 
Europeans, <£hc largest and most dangerous species aro confined. The poison glands 
are situated close to the base of this organ, and their ducts run to its point, so that 
when the creature strikes with its weapon, a small portion of the venom is instilled into 
the wounci. Whether this venom is ever fatal to human life, appears still to bo a matter 
of dispute ; but the effect!' of tho Scorpion’s sting arc, doubtless, very disagreeable ; 
it often produces great and painful swelling of the part wounded, accompanied 
in many cases with vomiting and other symptoms. Moreover, tlie venom of 
some species is said to be rapidly fatal to man ; and an African genus has received its 
name (. Androctonus , manslayer) from its evil reputation in this respect. As to tho 
effects of this poison upon smaller animals there can be no doubt ; as tho Scorpions 
destroy their prey, which consists principally of insects, by holding them in their 
daws, and stinging them to death. Some of the larger species also capture small 
lizards and other animals, whifch they destroy in the same manner. 

The Scorpions have four pairs of stigmata and pulmonary sacs placed upon the first 
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£>ur segments of the abdomen. Behind the last pair of legs, a pair of curious comb-like 
organs is placed, the office of which is not known ; but the aperture of the generative 
organs is situated between them. Tho female Scorpion exhibits the greatest oare for 
her young, carrying them upon her back for some days after they are hatched, and 
attending to them closely for about a # month, after which they are able to take care of 
themselves. They generally live on thef ground under stones and in dark places* coming 
out at night in search of prey ; but they frequently find their way into the interior of 
houses, where they arc sometimes so numerous, that in some places it is said that 
scarcely an article of furniture can be iqpved without the* greatest danger of being 
stung by some concealed Scorpion, irritated at this’ unexpected intrusion on his privacy. 

The animals forming the second family, the Thelyphonidi c, present an appearance in 
some degree intermediate between the Soorpions and the true Spiders. The abdomen 
is short an! rounded, hut distinctly annulatcd ; the cephalo- 
thorax forms a single mass ; the palp^ are very long and 
stout ; but, instead of the pincers of the Scoifrion, they are 
terminated by a moveable claw, capable of being applied to 
tho inside of the preceding joint, and thus forming a prehen- 
sile organ. The structure of the anterior pair of feet is vrqpy 
remarkable ; they are much thinner than the other three pairs, 
and the tarsi arc formed of a great number of joints ; so that 
the limbs are converted into long flexible organs of touch, 
which probably fulfil the office of antennae. Many of them 
arc large animals, of a somewhat forbidding appearance, 
which, like the Scorpions, can run in every direction. They are almost confined to 
tropical countries, inhabiting principally the hottest parts of Asia and America. 



. 155* — Phi 
formis ( 


‘hrynus reni- 
rcduced). 


Obdeii Y. — Dimebosomata. 

General Characters. — The general appearance of the animals forming this order 
must be familiar to all our readers. The body consists of try) distinct portions, of 
which the anterior, or cephalothorax, is usually of an oval form, and covered with a # 
plate of a somewhat homy consistence ; whilst the posterior (tffe Abdomen) generally 
forms a soft, roundish mass, without any traces of segmentation, and which is attached 
to the base of the cephalothorax by a narrow peduncle. 

On its anterior portion the cephalothorax boars six or eight siffiple eyes (Figs. 138 
and 153), which arc usually situated on a slight eminence. Below and in fftmt of these 
arc seen the large mandibles (Figs. 138, 139), which serve the Spiders for the destruction 
of their prey, below which is the opening of the mouth, furnished with a pair # of masti- 
cating jaws, or maxilla). From each of these springs a long, jointed palpus (Fig. 139), 
which in some instances appears to be converted into a sRpplenfentary leg. These 
organs occupy the front of the cephalothorax. Its lower surface bears four pairs of 
jointed legs, • furnished at their extremities with claws, which are often of a very 
singular, comb-like structure. 

The pulmonary sacs, which are contained in the abdomen (Fig. 140), are either two 
or four in number, opening by stigmata in the lower surface of the abdomen. Besides 
these respiratory organs the majority exhibit an aperture at the extremity of the abdo- 
men, from which four flat tracheao arise, and ramify through the organs of the body. 

But the most remarkable organs, perceptible on tlft abdomen of spiders, are the 
spinnerets (Fig. 140 /), by means of which these animals spin their curious and often 
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beautiful webs, which have attracted the attention and excited the admiration of man** 
kind in all ages. These spinnerets are little teat-like organs placed close to the 
extremity of the abdomen, on its lower surface. They are sometimes four, sometimes 
six in number ; and may usually be recognised by the naked eye. Each of them bears 
at its-apex a multitude of minute tubes, of which as many as a thousand are present in 
some species ; so that the delicate thread, by which these creatures suspend themselves 
in the air, must frequently be composed of at least four thousand slender filaments. The 
substance of which the threads are composed is secreted by glandular organs, situated 
in the abdomen, close to the base of the spinnerets. It is a viscid fluid, which speedily 
harder 3 on exposure to the air. Th6 spider usually commences its thread by applying 
the spinnerets to some fixed object ; to this the glutinous secretion attaches itself, when 
the movements of the creature are sufficient to draw out the materials necessary for the 
continuation of the thread. The hind feet arc always applied to the thread at a short { 
distance from the spinnerets, probably in order to bring the numerous filaments into 
contact before their hardening has proceeded too far to allow of their adhesion. This 
power of spinning threads is of the greatest importance to all those animals, as it not 
only serves many of them for the construction of dwellings, and of nets for the capture 
of prey, but appears to he constantly employed in securing them from falls whilst in 
motion, or in descending in a direct linb from an elevated position to some object below 
them. Many of them have the faculty of emitting threads, one end of which floats 
freely in the air. until it meets with some object to which it adheres. By this means i 
spiders often form natural bridges, by which they can pass over brooks and ditches. 
Some species avail themselves of the same power to take long flights in the air, where 
they often attain great altitudes. Those spiders, whose instinct prompts them to employ 
their spinning powers in regular weaving operations, manifest this in various ways. 
Some — of which the common garden Spider ( Epcira diadema , Big. 156) is an excellent j 
example— construct a beautiful net, composed of stout radiating lines, intersected at 
tolerably regular intervals by circular filaments. It appears that the latter arc j 
beset by an immense” number of viscid globules, which doubtless assist greatly in 
entangling any* insect that is so unfortunate as to come in contact with the, web of the 
destroyer. The mode in which the creature forms tins elegant structure — its readiness 
to rush out of its concealment the moment some hapless fly has become entangled in its 
meshes — the rapidity with which it shrouds its victim in a silken coat — and the care 
with which it repairs any damage done to its not — are all so exceedingly interesting, 
that wc regret that our space will not permit us to dwell at length upon these points. 

The nets of some of the large tropical Spiders arc said to be of strength 
sufficient, even to capture small birds. Other species — such as the common House- 
spider ( Aranea [Tegjnarid] domcstica , Fig. 158) — weave a close cloth-like web, usually 
placed in obscure comers ; this is furnished with a sort of funnel-shaped cell, within 
which the Spider lies in wait for his prey. Others again employ their silk merely to 
line the holes and crevices which form their ordinary places of abode ; and some of 
these exhibit great ingenuity in the construction of their nests. Another purpose, to 
which this secretion is applied by all Spiders, is the formation of little silky cases, or 
cocoons, for the reception of the eggs, which a few species carry about with them. 
Attempts have been made to employ this silk, which differs considerably in its texture 
from that of which the nets arg constructed, for industrial purposes ; but hitherto with 
very little success. 

The Spiders are all predaceous animals, and generally of an exceedingly fierce and 
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sanguinary disposition. They 'prey with avidity upon insects and other articulated 
animal^ of smaller §ize than themselves ; hut, unless in self-defence, they do not 
appear to turn their weapons against the higher animals. Nevertheless, the gigantic 
species of My gale, which inhabit tropical countries, have received the namo^of Bird- 
spiders , from a belief that they frequently attack and devour small birds ; and Madame 
Merian, in her book on the Insects of Surinam, has given us a most striking representation 



Fii?. 1 5G. — Epeira diadema. Fig. 157.— Theridion Malmignatta. 


of a My gale in the act of devouring a small bird, which he has, to use the lady’s own 
expression, u tom from its ssSjv - 

nest.” Jt is to be feared, 

however, that in this in- mM?- 

stanec, as in some others, 

that enthusiastic natural- 

ist was misled by Indian 

tales; for, from all that we 

strictly terrestrial in their 
habits, and generally seek 

Divisions. — We di- 

vide tho Spiders into three flHreJ wBfe 

families, distinguished at Jam"' zMf s Wir • THfck 

once by differences in ^ f|Ek 

their structure and ha- 

bits. Those of the first Sm 

family, the Araneid<e , have 

the eyes in two rows, one IwL 

behind the other, the ter- JP 

minal claw of the man- Wk- 

dibles directed inwards, Fi K . 158.-Arane*a (Tc^naria) domestics. 

and the palpi, although often long, never converted into foot-like organa. They J 



326 


DIVING AND HUNT NG SPIDERS. 


usually possess six spinnerets and only a single pair of pulmonary sacs. All these 
Spiders spin themselves a dwelling-place, which is also generally connected with a net 
for the capturo of prey. Perhaps the best known of these is the Epeira diadema (Fig. 
156), whose threads often force themselves upon our attention in a veiy disagreeable 
manner. f 

This species forms one of the most beautiful of what are called geometrical 
webs ; many of the others form a somewhat similar structure, although without dis- 
playing the same wonderful regularity. Of these the Malmignatte ( Theridion Mahnig- 
natta , Fig. 157), a Spider nuch dreaded in tfre south of Europe, is an example. Our 
commop. House Spider ( Aranea domestica , Fig. 158) is another well-known species, 
offending the eyes of the housewife as it constantly docs by weaving its dusky web 



in all dark comers. One the most 
remarkable members of this family is 
the Argyroneta aquatica> or Diving 
Spider (Fig. 159), which weaves itself 
a curious little bell-shaped dwelling at 
the bottom of the water, to which it 
retires to devour its prey. As, not- 
withstanding its aquatic habits, this 
animal, like the rest of its order, is 
fitted only for aerial respiration, it 
takes care to fill its miniature dome 


with air, which it carries down with it from the surface amongst the hairs with which 
its body is thickly clothed ; a process very closely resembling that by which the earliest 
diving-hells were supplied with air. 

The second family, the Lycosid<c y agrees in the structure of« its jaws and palpi, and 
in the number of its spinnerets, with the Arancid<e y but the eyes arc arranged in three 
rows. Unlike the Araneida , the animals of this family never construct regular webs 
for the capture of prey ; •their utmost exertion of instinct, in this direction, consisting in 
laying a few throads in the neighbourhood of their dwelling-place. They generally 
live under stones, in' holes in the earth, or in old walls, sometimes lining their habita- 
tions with a silkon tapestry ; and some, which live upon trees, weave themselves a 
silken nest amongst the leaves or on the branches. They all take their prey by force ; 
some of them running* it down by swiftness of foot, whilst others spring suddenly upon 
their unwary •victim. Perhaps the most celebrated of these Spiders is tbo Tarantula 
( Lycosa tarantula) of southern Europe, whose bite is supposed by the natives of Italy to 
cause death^ unless the patient be relieved by music and violent dancing. Some of these 
Spiders can run in any direction. A common example is the Salticus scenicm, a small 
species banded with black and white, which may frequently he met with on garden 
walls. Most of the European species are small ; but in hot climates they attain a size 
scarcely inferior to those giants of the order which form the third family, the Mygalidm 
In these (Fig. 90) the palpi arc of great length, terminated by a claw. The last joint 
also has a regular sole, like that of the feet. The mandibles ore of very large size, and 
their terminal claw is directed downwards (Fig. 138) ; tho pulmonary sacs are four in 
number (Fig. 140) ; and the abdomen bears four spinnerets at the apex. Some of these 
Spiders attain such a large size that their extended legs occupy a circle of six or seven 
inches in diameter; and it is to theso that the practice of bird-catching already 
alluded to has been ascribed. Species occur on the shores of the Mediterranean ; but 
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fjhey are, for the most part, confined to tropical countries. They resemble the Zycosufe 

in their habits, generally living on the ground, in 
holes, or under stones. Some of them form long 
twisted burrows for themselves, which they line 
with silk ; and these bun-rows sometimes Extend as 
nnsch as two feet below the surface of the ground. 
Some, like the Cleniza, close the moutlf of their • 
subterranean residence with a most ingeniously- 
constructed trap-door # (Fig. 160), which the in- 
habitant closes with the utmost pertinacity when 
gny attempt is made to invade the privacjT of his 
domicile. Hence the Ctenizce — of which several 
species are found in the south of Europe, and on 
the shores of the Mediterranean — are generally 
known as f 'rap-door Spiders . T^ie bite of the large 
tropical species is said to be very dangerous. 

Class VII. — Myrhlpoda. 

General Characters. — The small class of Myriapod fc, of which a characteristic 
example has already been figured (Fig. 3), is in its general characters very closely allied 
to the insects, although in some respects it appears to approach the Crustacea , especially 
the air-breathing Isopods ( Oniscidce ). In the mature state their bodies are generally 
elongated, and composed of numerous segments, of which only the first and last exhibit 
any difference in structure from the rest- ; the articulations of the body being generally 
exactly similar, and bearing^ach one or two pairs of jointed legs. The head always 
I bears a pair of jointed ^jitenna;, very similar to those of many insects ; and behind the 
insertion of these, on each side, is a variable number of simple eyes, which, however, 

1 arc sometimes wanting. The mouth, in its general structure, bears a considerable 
resemblance to that of the masticating insects, being furnished with jaws, palpi, and an 
upper and lower lip. Besides these organs, it is armed below* with a pair of powerful 
hooked jaWs, which arc perforated at their extremity apparently tfcr tne emission of»a 
venomous fluid. Those are the principal agents in seizing prey. 

The succeeding rings, which admit of no division into thorax and abdomen, aro 
each furnished with one or two legs on each side ; and close to the insertion of tho 
feet, the stigmata, through which the air passes into the trachea?, are situated. It is 
remarkable that, in those species which possess two pair of feet on each ring, each ring 
also bears a pair of stigmata ; whilst in those which have the rings furnished with only 
a single pair of members the stigmata occur on alternate rings. Hence Latreille, and 
after him several naturalists, have considered that in the fetter qgse tho rings are only 
half segments, two of which go to form the equivalent of the segment of the double- 
footed fomfe. The trachea? ramify through the organs of the body in exactly the same 
manner as those of insects. 

In their internal anatomy they also exhibit a great resemblance to the insects. Their 
nervous system consists of a series of ganglia running along tho ventral portion of the 
body, and usually united by a double thread ; and the circulation is effected by a long 
cylindrical dorsal vessel, the structure of which will be explained under tho following 
class. The Myriapoda are all unisexual animals. The orifices of tho generative apparatus 
ore frequently situated at the anterior portion of the body. In some Myriapoda tho 



Fig. 1G0. — Nest of Ctcniza. 
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youngs on first escaping from tlie egg, possess nearly all the characters of their parents, 
although the number of segments and limbs is always less, and increases at each change 

of skin ; but som'e, as the luli, undergo 



Pig. 161. — Transformations of lulus, a, b, c, sud- 
f cessive stages. 


a sort of metamorphosis (Fig. 161)> 
coming from the egg either quite desti- 
tute of feet, or furnished with only 
three pairs of these organs ; and it is 
not until after several moultings that 
they attain the same number of legs 
as their parents. This process appears 
to occupy a considerable period ; and, 
according to the observations of, Pro- 


fessor Savi, the luli occupy two years in their development before the seafrial organs 
make tlieir appearance. This metamorphosis, such as it is, indicates the close alliance 
of these creatures, with the insects ; and many authors either include them in the class 
Inscctdy or, retaining them in a separate class, associate with them some of the apterous 
insects which present the closest resemblance with them in their earlier stages. 


Divisions. — The Myriapoda fofhi two orders — the Chilopoda and the CJtilugnatha , 
which may be readily distinguished by the structure of the antenna) ; those of the former 
never being composed of less than- fourteen joints, whilst those of the second order 
always consist of seven articulations. 


• Order I.— Chilopoda. 

General Characters. — These animals arc usually of a flattened form, with the 
rings protected both above and below by a more or less flattened homy plate, and each 
ring bears only a single pair of feet, those of the hinder ring being directed backwards 
in the form of a pair of jointed tails. The antenna) are long^md always composed of 
at least fourteen joints. The structure of the mouth has already been described. 

These creatures usually live in the earth or under stones. They run with consi- 
derable swiftness in pirrsuit of their prey, and can even progress backwards by the 
assistance of tlieir iaij-likc hind legs, which at other times are dragged liclplossly 
behind them. Their food consists of insects, wliich they seize with the powerful jaw- 
like organs attached to the lower lip ; and these organs are supposed to inject a poison 
into the wound they inflict. The bite of some of the large tropical species is said to 
be exceedingly painful, and even more injurious than that of the Scorpion ; although 
the application of ammonia to the wound speedily relieves the pain of .the bite. 

Divisions. — The Chilopoda arc divided into three families — the Cermatiida , the 
Scolopendrifcc, and the Geophilidcv. The 61 rmatiidec have the body rather short, with its 
upper surface covered, by eight plates, its ventral surface by fifteen ; the legs ore very 
long, and terminated by foot composed of numerous joints. These animals are all 
exotic, and generally of small size. They conceal themselves amongst the beams and 


I 

I 


joists of houses. 

The Scolopendridcc , well known as Centipedes (sec Fig. 3), have the body long and 
divided into an equal number of segments on both surfaces, with the legs rather short, 
but stout and well adapted for active motion. This family includes all the most 
powerful and predacious species, those of hot climates Certainly attaining a length of 
twelve inches ; and, if wc are to, believe some travellers, still more gigantic species are 
to be met with in particularly favourable situations. Thus Ulloa states that ^specimens 
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hay© been seen in Carthagena exceeding three feet in length and fiv8 inches in breadth* 
tte bite of which is said to be mortal; but these dimensions are so far above those of 
any Centipedes that •have ever been brought to Europe, that we may be pardoned for 
receiving them with some little incredu- 
lity. Our British specios, of which one 
of the commonest, the Lithobius fordi- m 
pat us, is here represented (Fig. 162), 
arc of comparatively small size, rarely 
exceeding two inches in length ; but 
even these, when seized, will turn and 
attempt to fix their jaws into the skin 
of tli$ir captor. 

The (feopkilidce , of which a common British species is figured above (Fig. 162), 
are distinguished by their very elongated and almost thread-like bodies, composed of 
numerous segments, and bearing a gr<?at but variable number of i£ct. Some species 
are phosphorescent in the dark. One of these, the Gcophilus clcctricus , is not unfre- 
qucntly met with in the neighbourhood of London. 

OlLDKIt II. — Chiloonatha. _ 

General Characters. — In the Chilognalha the body is generally of a convex 
form, composed of numerous horny arches, below which an immense multitude of little 
feet may be seen, whence the name of Millepedes , or thousand-legs, by which these 
animals are commonly known, is derived. Each segment of the body bears two pairs 
of limbs, with the exception of the hindmost segment, which is destitute of those 
organs. The antennae are short, and composed only of seven joints ; and the powerful 
biting jaws of the Chilopoda are reduced to a rudimentary condition, — the other organs 
of the mouth also undergoing considerable modifications. As .might be expected from 
this difference in the structure of the mouth, the food of these animals differs greatly 
from that of the predaceous members of the preceding order ; and the Cliilognatha axe 
found to feed principally upon vegetable matters, generally vlien in a state of decay. 
In accordance with this change of habit, the movements of ^he # erdhtures, notwith- 
standing their immense number of legs, are always very slow, and they generally 
endeavour to escape danger by rolling themselves up into a ball (Fig. 165). They are 
to be met with constantly in damp moss, and a few live under tjjo bark of trees. 

Divisions. — The first of the four families into which the Chilognalha arc divided 
contains only a single minute, but very curious, creature, which is oftenTound in great 
abundance under the bark of old trees. It is about a sixth of an inch in length, com- 
posed of eight segments, exclusive of the head and tail. On each side of tht body there 
are nine tufts of little curved hairs ; and the extremity of $ie bojly is furnished with a 
tuft of longer straight hairs. This animal is the Folyxenus lagurus ; it forms the typo 
of the family Polyxcmd<e. 

In the second family, the Poly- 
desmidee , the form of the body ap- 
proaches that of the Scolopendrida 
in the preceding ordor, being flattened 
and rather soft ; but in other respects 
Fig. 163 . Polydesmus. the ^nixnals resemble the IuUdce. One 

species, the Polydesmus complanatus (Fig. 163), is an inhabitant of Britain. 
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Fig. 164. — lulus. 


In* the Julida (Tulip, Fig. 164), the body is elongated, and nearly of a cylindrical 

form, bearing 
no incoiasidcra- 
ble resemblance 
to a thick worm, 
in which the 
skin has become 
homy and di- 
vided into nu- 
merous segments. These animals are constantly to bo found in damp moss, and 

sometimes crawlijig upon trunks of 
trees. When alarmed they coil 
themselves up in a spiral form (Fig. 

165)7 with the feet entirely con- 
cealed. “Their march is very slow, 
and, from the shortness of their 
legs, appears more like a gliding 
motion than a walk. 

The Qlomerider , forming the fourth 
family, have a short oval body, 
closely resembling that of the Woodlouse, which they also resemble in their habit of 
rolling themselves into a perfect hall when in danger. The body is convex above 
and concave beneath, where it is furnished with a row of small scales on each side. 
These animals live under stones. 



Fig. 1(55.— lulus, with the body 
colled up, ond the front of the 
body unrolled, with the antcnntj 
magnified. 



Fig. 166. — Glomeris 
margmata. 


Glass YIII. — Lvsecta. 

General Characters. — We come now to the last and highest class of articulated 
animals, including the innumerable host of tru e insects— creatures which, in whatever light 
wc view them, always present many points of the highest interest to our observation. 
Whether we consider the history of their curious transformations, their extraordinary 
and often beautiful fon^s and colours, their wonderful instincts, and the close approach 
to reason exhibited by some of them, their effects upon our persons and property, or the 
extraordinary means by which nature avails herself of the instincts of some species to 
put a check upon the ravages of others — we always meet with much to command our 
admiring attention ; sufficient, in fact, to render the study of insects one of the most 
attractive pages of the book of Nature. Entomology has this additional recommendation, 
that it is one of those branches of Zoology that may bo pursued in any situation. 
Insects abound everywhere ; and wherever they occur their habitB may be observed, and 
their structure investigated. * We regret, therefore, that our limits forbid us from giving 
more than a very bare outline of their history. 

Insects, in their perfect state, arc distinguished from the other articulate hnimals by 
the possession of six legs and two antennae, and by the division of the body into three 
distinct regions, the head, thorax , and abdomen (sec Fig. 167), of which the second bears 
the organs of motion. They respiro by tracheae, are generally furnished with wings, 
and almost always undergo a series of transformations (the metamorphosis) before arriving 
at their mature and reproductive form. * 

Like the other Arthropoda , the bodies of insects arc composed of distinct rings or 
segments, and these ore generally of a horny consistency, united to each Other by a 
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Membranous skin which, gives flexibility to the whole. In some cases, however, the 
skin is, of a softer texture ; but even in these it presents sufficient firmness for the 
attachment of the muscles, and the tubes composing the limbs are generally of a harder 


Antenna) 

Eyes- 




Head. 



consistence than the rest of the integument. The number o# segments of which the 
body of an^insect is normally composed is thirteen ; but some of thennare occasionally 
amalgamated together, or concealed by the others, so as to ma£e It appear that fewer 
segments arc present. 

The first segment, or the head, is composed of a single picce,^which bears the eyes 
the antennae, and the organs of 
the month. The eyes (Fig. 

168), which arc amongst the 
most wonderful objects in na- 
ture, are almost always of the 
kind called compound; that is 
to say, thc^j consist of a multi- 
tude of little hexagonal facets, 
brought close together on each 
Bide of the head, each furnished 
with a cornea, a lens, a coating of 
pigment, and a nervous filai 
ment. The number of these* 
little cyc£ is sometimes most 
extraordinary. The eye of the common House-fly has 4,000 of them; that of A 



Fig. 168. — Head and Eyes of the Bee. 
a a, antenna) ; 6, ocelli; A, facets enlarged; B, the same 
with hair* growing between them. 
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Dragon-fly more than 12,000 ; of a Butterfly observed by Puget, 17,325 ; and that of 
a small species of Beetle (Mordella) no less than 25,000. Jn addition tp these 
compound eyes, many insects also possess two or three ocelli , or simple eyes (Fig. 108), 
placed on the head between the large compound organs ; these appear to be very similar 
in their structure to the individual eyes of whiclnthe compound eyes arc composed. 

The antennae are usually attached to the front of the head, between the eyes. They 
are exceedingly variable in their form, and probably vary considerably in function, 
although their general office appears to be that of organs of touch. In some instances, 
however, their conformali6n appears to indicate that they arc the organs of some special 
sense ;» and the functions of smell and hearing have been attributed to them by different 
observers. In their most ordinary and simple* form, they are more or less filiform 



Fig. 1G9. — Antenna> of various Insects. 


organs, composed of a very variable number of joints. Sometimes they arc thickened at 
the base ; sometimes at the apex. In some cases the whole or part of the joints arc 
furnished with one or more processes, bristles, or hairs, giving the entire organ a cornb-% 
like or feathered appearance ; in others the terminal joints arc converted into broad 
plates, folded together ^ike the leaves of a book. These, and several other forms, are 
represented in the annexed figure (Fig. 169) ; and wc shall meet with a still greater 
Variety as we proceed, r. * 


The structure of the mouth 
in insects exhibits very remark- 
able modifications ; and these 
ure of the utmost importance 
in the classification of these 
creatures. In some insects the 
mouth is formed exclusively for 
« biting; in others, as exclusively 
for suction ; whilst in others 
again it is fitted for the per- 
formance of both these actions ; 
and the form of its constituent 
parts of course undergoes cor- 
responding changes, — but the 
same organs really exist in all, 
modified in appearance, indeed, 
bo as sometimes to be scarcely recognizable. 



Fig. 170. — riead of Cockroach. 

a , labrum; 5, mandibles; c, 
maxillto ; d , maxillary palpi ; 
c, tongue; /, labial palpi ; g t 
antenna ; h , compound eyes: 
t, ocelli. ’ 



Fig. 171. — -Parts of the Mouth 
of Carabus. 

a, labrum ; 6, mandibles ; c 9 
maxillm ; d t labium* 


i 
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t In tho masticating or biting insects, the mouth (Figs. 170, 171), consists \)f six 
separate organs ; an upper lip {labrum, a ) attached to the lower part of tho front of the 
head ; a pair of homy, curved, biting jaws (mandibles, b), which arc usually armed with 
teeth ; a pair of chewing jaws (maxillae, c), generally composed of four pieces, and bearing 
either one or two pairs of jointed palpi ; and a lower lip (labium, d), which closes the 
mouth from beneath, and also bears a single pair of palpi (Fig. 170, e). On its inner 
surface it is furnished with a membranous or fleshy organ, to which the name of the • 
tongue has been given. 

Amongst the Bees tho organs of the mouth take another foAn, which, whilst it 
leaves a portion of them fitted for biting, converts tho remainder into genuine suctorial 


Mandible 

Maxillary Palp 
Maxilla 


Labial Palp 



Lateral Lobes ot 
the Tongue 

Tongue 



Fig. 172.— Head of Anthophora. Fig 

organs (Figs. 172, 173). Tho parts thus modified arc the maxillae and labium; the 
former (Ft g. 173, c) become greatly elongated, forming a sort §f printed sheath which 
incloses tho elongated tongue (Fig. 173 d), constituting a tubular organ through which 
tho fluid nourishment of these crea- 
tures can bo sucked up. The 
mandibles and labrum (Fig. 173, 
a , b) retain their ordinary form, 
and the former are constantly em- 
ployed in tho numerous ingenious 
operations which these industrious 
creatures perform. 

Tho silctoriaL mouth presents 
three principal forms. In the But- 
terflies and their allies, the sucto- 
rial organ consists of a long trunk, 
which, when at rest, is coiled up 
in a spiral form beneath the head 
(Fig. 174). This spiral trunk is 



Fig. 174. — -Mouth of Sphinx. 

H, head ; e f eye ; a , antennae ; mx, maxillae ; mp, maxil- 
lary palpi ; t u labrum ; * 2 , labium ; Ip, labial palpi ; 
m mandibles. * 


composed of the terminal portion of the maxillae, which arc more or less elongated, and 
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form two long wrinkled tubes, adhering together along their inner surfaces, and forming 
a double tubular organ, through which their possessor sucks the juices of flowers. The 
maxillary palpi ore generally of very small size, and only to be detected by dissection ; 
but the labium, although very small, usually bears a pair of very large, hairy palpi, which 
form thtf cushions between which the trunk is coiled up when at rest. The mandibles 
and labrum are also present, although in a very rudimentary condition, and always 
concealed under the hairs with which the heads of Butterflies are clothed. This 
structure of the mouth, which is characteristic of the order Zepidoptcra y will be easily 
understood by reference to the annexed figures (Fig. 174), in which the organs arc 
represented separate. 1 

In tinother form of suctorial mouth, which is characteristic of the order Rhynchota , 

including the Bugs and their allies^ the 

?« mouth is furnished with a jointed rostrum, 
formed by the coalescence of the labial palpi 
(Fig. 175 a); this is in fact a tube, split 
^ ‘ - 1 — down the front, and inclosing four bristle- 

. like organs (Fig. 175 b c) y which are in 

reality only the modified mandibles and 
• 4 maxillae. By means of these bristles, which 

are sharp at the point, the Rhynchota wound 
the tissues of the animals or plants upon 

I thc juices of which they feed. The labrum 
’ , is generally rather elongated, and serves 

I \ to close the basal joint of the rostrum. 

J V When in the tube, the bristles arc pressed very 

^ > close together, and two of them generally 

& ' L adhere in such a manner as to lead to the 

Fig. 175. Buccal apparatus of an Hemipterous appear{mcc of their numbcr being only thrcc 

( (h) ; they are inserted into the head by 

broad bases (c), to which muscles are attached ; and by the action of these they arc 
everted and retracted. t> 

A third form of suctorial apparatus is presented by the Diptcra y or two- winged flics, 
of which the common House Fly 

is a familiar example. These possess ^ mx r/? Jp m iz 

a proboscis (Fjg. 176), generally of A / f\ II fy 

a fleshy texture ; this is composed ( r | I et \ |jj\ n I * / *\f;\ jftljpj 

of the lower lip, is usually bent up- ) lj \/jj I lj y- f- ipgli? 

wards at a*short distance from its II V II II %U& 

base, and terminated by a bror d flap ’Hj Y Ifni UL ( \sjjgs it; 1 . 1 w 

(the representative of the labial vL/ (pS" 

palpi), which is constantly used as _ , . , ^ 

„ „ ' „ 1 fwri Fig. 176.— Proboscis of a Dipterous Insect ( Talanus ). 

an organ of touch. The upper sur- 

face of this proboscis, which forms a *» eyeB : occU ^ ; mp > mttx ' 

tube, is opened below the knee-like 9 

bend, to give issue to the true buccal organs, the mandibles, maxillae, and labr um , which 
in many of these animals acquire the form of bristles or 'lancets, and are employed in 
piercing the skins of other animal* and sucking their blood. The Tnurillm are generally 
furnished with a pair of palpi, consisting of from one to five joints ; and when, as is 


ro& mp 


Fig. 176.— Proboscis of a Dipterous Insect {Tabamis). 

e 9 eyes ; a, ocelli ; m, mandible ; tnx. maxilla ; mp, max- 
illary palpus ; ? 2 , labium. 
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gometimes the case, the maxillae, with the other internal organs, are reduced to a rudi- 
mentary condition, the maxillary palpi are inserted upon the stalk of the labium at or 
near the bend. All ‘these types of structure undergo great modifications in different 
groups of insects ; and these differences furnish some of the most important characters 
for the classification of these animals. 

The second division of the body of insects is always composed of three segments, 
although these are frequently amalgamated together in such a manner os to be almost * 
undistinguishable. The three segments together form the thorax (seo Fig. 167) ; but 
they are individually distinguished by names indicative of their position in the body, 
the first being called the prothorax , the second the mesotkorax , and* the thy*d the 
metatkorax. They vary greatly in th$ir comparative size, and in the amount of their 
surface visible on the upper part of the body. In some insects all the segments are 
equally uncovered, whilst in others only the prothorax is visible when the wings are 
closed ; and every intermediate form may be met with. 

The thoracic segments always bear the organs of motion, which, *in most insects, 
consist of six legs and four wings. The form of these organs is very various ; but 
their general construction is always similar. The centre of the lower surface of the 
thorax, or breast, is occupied by a narrow piece called the sternum, which frequently 
projects as a ridge externally, and generally, gives off an internal process for the 
insertion of muscles. On each side of this are the sockets for the legs, of which each 
segment of the thorax bears a pair. The first joint of the legs, called the coxa (or hip), 
is sometimes immoveably attached to the thorax, sometimes articulated with it by a 
sort of ball and socket joint. This is followed by a second piece, the trochanter , which 
unites the long thigh {femur) to the coxa ; this varies greatly in its form, being some- 
times ring-shaped, sometimes forming a triangular piece applied against the base of 
the thigh. The thighs are generally of a rounded form, frequently thickened in the 
middle or towards the extremity ; they are often, especially the hinder pair, of very 
large size, and armed with spines of greater or less magnitude. The shanks (or tibia), 
which are articulated by a sort of hinge-joint to the extrenvties of the thighs, are 
generally about equal to these in length, but thinner, and frequently more or less flat- 
tened or ahgular, and furnished with numerous spines or bristldfe. * At the extremity of 
the tibia comes the tarsus , or foot, which sometimes consists of one, but generally of 
from three to five joints. The lower surface of theso feet is generally flattened and 
converted into a sort of sole, covered 
with very close set hair ; and the apex 
of the last joint is almost always fur- 
nished with a pair of claws, often 
beautifully toothed, and in many cases 
accompanied by a pair of soft mem- 
branous organs, called puivilli , which 
are very distinct in the common fly. 

These adhere, like sucking-cups, to any 
object against which they may be ap- 
plied, and thus enable their possessors to 
walk securely even in a reversed position. The legs and their component parts undergo 
an infinity of modifications in* the different groups of insects; always, however, in 
exact coincidence with the habits of the creatures, ~in leaping insects, such as the 
Grasshopper and the Locust (Fig. 177), the hinder legs are much lengthened and the 


» 



Fig. 177. — Locust. 
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thighs very thick, forming powerful jumping organs. In many aquatic specier 
(Dyttcus and Notonecta) the leg3 are flattened and fringed with Jjairs to enable these 
animals to swim rapidly through the water. In the Molo Cricket (Fig. 178), the fore- 



Fig. 17S. — Mole Cricket (Urvllotalpa). 


legs become modified to suit the creature to its burrowing habits ; whilst in the Mantis, 
or praying insect (Fig. 179), these limbs are converted into most formidable prehensile 
organs, with which these insects, reputed so pious by the inhabitants of the countries 
where they are found, most remorselessly mangle the bodies of their insect prey. 
Many other modifications of these organs occur ; and as these modifications are of great 



Fig. 179. — Mantis rcligiosa. 


importance in the clasrification of insects, we shall have occasion to refer to them 
frequently in thu sequel. 

The wings, of wlbien there are never more than two pairs, aro attached to the 

second and third thoracic segments. 
They are generally of a membranous 
texture ; but, notwithstanding the 
delicacy which they often exhibit, 
each wing is found to consist of a 
doublo membrane, between which a 
variable number of veins, or ner- f 
vuresy ramify in different directions. 
These serve to keep the wings ex- 
tended ; and the characters afforded 
by their arrangement are often of 
the greatest importance. Theso 
nervures appear to be homy tubes, 
accompanied by vessels ; and it is 
probably by the injection of fluid 
into the latter that tho extension of 

t 
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In some insects the four wings arc all of a similar texture, and alike available in 
flight ; whilst in others, the anterior pair acquire a firmer consistence, forming a sort 
of ease, within whidh the large membranous posterior wings can be folded up in 
repose. 

In the Beetles (Fig. 180), the anterior wings generally acquire a homy consistency, 
and constitute a regular hard shell, covering the back of the abdomen and the wings 
when the insect is at rest: these are called elytra . In the Grasshoppers # and locusts, * 
and some other insects, on the contrary, the anterior wings, although much stronger 
than the posterior, are still flexible, and possess only a nprchmdnt-iike texture, in j 
which the nervures may be distinctly recognized ; whilst in the Bif)gs, the basal 
portion of the elytron, is generally ho^ny, and the apical portion membranous. The 
wings # are generally more or less clothed with minute hairs ; these, in the Butterflies 
and allied insects, usually acquire the form of flattened scales, to which, as is well 
known, the beautiful colours of those insects are du£. 

Although the wings of insects are gcncrall/ four in number, the* hinder pair is 
very frequently absent ; and, in fact, one whole v , 

order of insects is characterized by the possession \[ 

of only one pair of wings. In these (Fig. 181) \ f 

a pair of small knobbed filaments, which stand . ^ * 

on tlic sides of the thorax behind the wings, 
and which are called halteres or balancers, have 
been regarded as the representatives of the hind / / 


Of the abdomen in general but little can J ftf | 

be said. It consists normally of nine seg- t \ 

ments \ hut some of these are generally con- ■ V 

coaled by the others, so that the abdomen 181 ’ Conop8 * 

appears to he composed of a smaller number of articulations. In some instances the 
segments aro attached edge to edge, when the abdomen exhibits little or no flexibility ; 
in other cases, each segment slides at its base within the one preceding it, so that the 
whole is capable of bending to a certain distance in some directi<Ris. # The orifice of the* 
generative organs is situated at the extremity' of the abdomen, which, in', the male, is 
often furnished with peculiar organs for grasping the abdomen of the female during 
copulation, and in the female with instruments of very various structure, adapted for 
placing the eggs in the situation most proper for their development. The^ exquisitely 
beautiful contrivances will he described horcafter under the different groups of which 
they arc characteristic. The apex of the ahdoiiien is also sometimes furnished with 
appendages not connected with the generative organs ; these arc sometimes loHg filiform 
tails, sometimes bristle-like organs, by means of which the*inseclJ* effects considerable 
leaps. In the Cockroaches, and some other insects, they form stout-jointed bristles, 
resembling short antennae. In the Earwigs they constitute a powerful pair of forceps, 
often of great length ; whilst the aphides are furnished with a pair of tubular appendages 
from which a sweet juice exudes. 

The intestinal canal always forms a tube of variable width (Fig. 182), formed of 
three membranous layers, running from one extremity of the body to the other, com- 
mencing behind the mouth in a Harrow oesophagus, and usually terminating posteriorly 
in a somewhat dilated cavity, the cloaca , which also receives the termination of the 
internal generative organs. The oesophagus leads first into a membranous, and usually 
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folded' stomach, the cir>p ; from this, in the masticating insects, the food passes info 
a second stomach, which, from its being furnished with horny plates and other organs 
for the comminution of the food, has received the name of gizzard . Behind this is the 

true stomach, in which the process of 
chylification goes on. This is often 
Covered with little villi, or furnished 
with glandular organs, which appear to 
secrete a gastric juice of some kind. 
The remainder of the canal forms the 
intestine, which is usually of a tubular 
farm, and is very variable in length, 
sometimes running to the anal opening 
with hut little deviation ; whilst in other 
cases it forms several convolutions in 
the anterior of the abdomen. The length 
of the intestinal canal varies greatly. 
In the carnivorous and suctorial species 
it is usually short — not more than twice 
the length of the body — whilst in the 
vegetable - feeding insects it is much 
lunger, sometimes attaining a length 
equal to eight times that of the body. 
The oesophagus is usually furnished with 
tubular salivary glands, and in the suc- 
torial insects also frequently with a 
biadder-liko organ, the sucking stomach , 
by the dilatation of which the animals 
arc enabled to suck up their fluid nutri- 
ment. Behind the stomach the intestine 
receives the mouths of several long tubu- 
lar organs, which arc usually considered 
to secrete a matter analogous to bile ; 
whilst the anus is frequently furnished 
with similar glands, producing an acrid 
and often offensive secretion. 

As insects possess no system of absor- 
bent vessels like those of the higher 
animals, tho portion of the food to be 
assimilated passes through the walls of 
the stomach into the cavity t of the body, 
when it mixes with the blood bathing the surface of the organs, and thus comes 
into the general circulation. The circulation is effected t.y very simple means. 
The heart is a tubular organ running along the hack of tho insect, and hence called 
the dorsal vessel— {a ill tho diagram Fig. 183). This is formed of a series of sacs 
opening one into tho other, from behind forward^. in such a manner that the 
folds formed by the junction of the sacs serve as valves to prevent the reflux of 
the blood. The blood enters \his vessel from the cavity of the body by a series of 
valvular openings, when it is gradually driven forwards by the successive contraction 



Fig. y*2. — Digestive Apparatus of Beetle. 

a t pharynx ; fc, oesophagus ; c, crop ; d, giz- 
zard; c, chylitlcOstonuuJh ; /, small intes- 
tine; g , rectum ; A, biliary vessels. 
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jf the divisions of the vessel, until it escapes in the neighbourhood of the head. It 
appears, however, that after this it is no longer confined within vessels, as neither 

mim 
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Fi(?. Ift3. — Circulation in Insects. 

(The arrows indicate the course of the blood). 

atreries nor veins have been detected in the bodies of insects, but that it gradually 
passes back through the spaces left between the internal organs, until it again reach es 
the heart. 

During this return it comes in contact with the respiratory organs, which, in this 
class of animals, consist of an infinity of minute tubes, which ramify 
in every direction through the body. These are composed of a mem- Jjfo 

branous outer coat, which is kept constantly distended by a minute 
cartilaginous filament coiled up in a spiral form (Fig. 184). t£c air * 
penetrates into them by a number of openings, called stigmata mr jPi W ® 

spiracles , placed on each side of the body. There is usually one pair % 
to each segment, with the exception of the hq^d, and terminal segments 
of the abdomen. The spiracles are furnished with a muscular appa- 
ratus, by which the insect can close the aperture at pleasure. They 
are frequently situated on the membrane uniting contiguous seg- tube oVlnscct" 
incuts. 

The most general form of the nervous system in insects is that already deserihed 
and figured at page 199, Fig. 5, although many of these animals exhibit a striking 
departure from this general rule. In some the whole of the ganglia of the body appear 
to be condcmsed into one or two masses, from the hindmost of which the abdominal 
nerves radiate in all directions, whilst others present various intermediate stages 
between this and the normal form. The brain consists of a nervous mass, placed above 
the oesophagus; and from this the nerves of the principal organs of sense, the eyes and 
antennae, are given off. Below the oesophagus is another ganglion, united with the 
supra- cesophagral ganglia hy a piijr of nervous threads, which form a collar surrounding 
the oesophagus. From the lower portion of this ring the filaments are given off which 
unite the ganglia of the body with those of the head ; and these filaments, with their 
ganglia, always run along the lower portion of the body immediately within the sjrin 
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of the belly ; the alimentary canal occupying the space above them, and this agaip 
being surmounted by the dorsal vessel. Of the organs of sens^ in these animals we 
have alroad)' spoken. Their marvellous instincts will be described hereafter. 

Insects are all unisexual animals. Hcrmaphrodism, where it occurs, is quite 
exceptional in its nature, and very rarely gives ^ rise to individuals capable of propa- 
gation. . The different sexes are sometimes ^indistinguishable by external characters, 
except that the females arc usually larger and broader than the males ; but in most 
instances the structure of the apex of the abdomen at onco indicates the sex, and, inde- 
pendently of characters derived from this pa,rt of the body, other organs, especially the 
afitenpsc and tarsi, often present very great differences in the two sexes. Their repro- 
duction is also essentially oviparous, although seme species are ovo-viviparous -- that is 
to say, the eggs arc hatched and the young developed to a greater or less extent within 
the body of the parent ; and a few (the Aphides) are truly viviparous at certain periods, 
the young being produced apparently by a sort of internal gemmation. 

In their regular development from' the egg, insects in general pa 38 through a certain 
scries of changes, which together constitute what is called the metamorphosis, the young 

animal on emerging from the 
egg generally exhibiting an ap- 
pearance very different from that 
which it is ultimately destined to 
assume. The degree of this me- 
tamorphosis is, however, very 
different in different groups of 
insects. In its most complete form, 
as exemplified in the Butterflies 
(Fig. 185), Moths, Beetles, and 
many other insects, the meta- 
morphosis takes place in three 




Fig. 185.— Transformations of the Swallow-tailed Butterfly 
{Papilio Machaon). a, Larva; b. Pupa; c, Imago. 


very distinct stages. In the first, 
which is called the lai'va state, 
the insect has the form of a grub, 
sometimes furnished with feet, 
sometimes destitute of those 
organs. Different forms of insects 
in this state .are popularly known 
as caterpillars, grubs, and mag- 
gots. During this period of its 
existence the whole business of 
the insect is eating, which it 
usually does most voraciously, 
changing its Bkin repeatedly to 
allow for the rapid increase in 
its bulk ; and after remaining 


in this form for a certain time, which varies greatly in different species, it passes 


to the second period of its existence, in which it is denominated a pupa . In this. 


condition the insect is perfectly quiescent, neither eating nor moving. It is sometimes 
completely inclosed in a horny case, in which the position of the limbs of the future 
insect is indicated by ridges and prominences, sometimes covered with a case of a softer 
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consistence, which fits closely round the limbs, as well as the body, thus leaving 
the former a certain # amount of freedom. Pupse of this description are sometimes 
inclosed within the dried larva skin, which then forms a homy case for the protection 
of its tender and helpless inmate. After lying in this manner, with scarcely a, sign of 
life for a longer or shorter period, Jhe jnsect, arrived at maturity, bursts from its prison 
in the full enjoyment of all its faculties.* It is then said to be in the imago on perfect 
state. This metamorphosis is one of the most remarkable phenomena in the history of 
insects, and was long regarded as perhaps the most marvellous thing ip. nature ; although 
recent researches have shown that the history of many of the*lower animals presents us 
with circumstances equally if not still more wonderful. Nevertheless the»mctA- 
morphosis of the higher insects is a phenomenon which cannot fail to arrest our 
attention. JTo see the same animal appearing first as a soft worm-like creature, crawling 
slowly along, and devouring everything that comes jn its way, and then, after an inter- 
mediate period of death-like repose, emerging from its quiescent state, furnished with 
wings, adorned with brilliant colours, and confined in its choice of ibod to the most 
delicate fluids of the vegetable kingdom, is a spectacle that must be regarded with the 
highest interest ; especially when we remember tljat these dissimilar creatures are jiU 
composed of the same elements, and that the principal organs of the adult animal were 
in a manner shadowed out in all its previous st^es. 

But although the majority of the class Insecta undergo a complete metamorphosis of 
this description, there are many in which the only transformation consists in a scries 
of changes of skin, without any 
interval of rest ; the larva, which 
from the first presents a certain 
degree of resemblance to its 
parent, gradually acquiring those 
organs which it originally wanted. 

In this metamorphosis, which is 
called incomplete , the principal 
difference between the larva and 
the imago consists in the absence 
of wings (Fig. 186), which first 
make their appearance in the fo:«n 
of thick lobes, inclosed in cases, 
in the course of the last changes 
of the skin. The joints of the 
antennae and tarsi are also some- 
times fewer in number ; and the 
ocelli, or simple eves, are gene- 
rally wanting in the larva, when 
present in the perfect insect. In 
some insects, such as the Dragon- 



" 





Fig. 186.—' Transformations of the Great Green Grasshopper 
(Gryllus Viridissimus). a. Larva; b, Pupa; x, wing- 
lobes ; c, Imago. 

flies, the May-flies (Fig. 187), and some othe rs, the larv®, which are aquatic, present 
a greater difference from the perfect insect than in the cases above referred to ; although 
the pupa is active and continue^ to feed until the time of its arrival at the imago state. 
We may therefore call this a sub-complete metamorphosis. Lastly, a few insects, which 
possess no yings in the perfect Btatc, undergo no change, except in size, from the time 
of their emergence from the egg, to that of their reaching maturity. 
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Divisions. — In accordance with these 


peculiarities of the metamorphosis, the; 
class of insects may be divided 
into three sub-classes. In one, 
the animals are apterous in all 
stages, and undergo no change of 
form ; these are called Insecta 
Ametabola . In a second, the larva' 
present a more or less close re- 
semblance to the perfect insects, 
but possess no wings, which 
make their appearance in the 
form of lobes or tubercles on the 
back of the pupa. The latter is 
Fig. 187. — May-fly (Ephemera vulgataj : Larva, Pupa, and generally active, and continues 
t * 1 to eat, but in some cases is 



quiescent; these are the Insecta JTemiweiabola. 

In the third sub-class the metamorphosis is complete ; the larva, pupa, and imago 
states constituting three distinct phases of life ; the second being always quiescent. 
These are the Insecta Metabola . » 

Some entomologists, amongst whom we may mention Professor Burmeister, of Ilalle, 
deny the existence of the first of these groups, distributing the insects which form it 
amongst the orders of the second sub-class ; whilst Mr. Westwood arranges the Ametabola 
with the Myriapoda in a class distinct from the Ptilota , or winged insects; but we have 
not considered ourselves justified in adopting cither of these views. 

These sub-classes are further divided into orders principally from characters derived 
from the structure of the mouth and wings. Of these the Ametabola include three, — 
the Anoplura , or Lice, possessing a suctorial mouth ; the Mallophaga , or Bird-lice, with 
biting oral organs, but without caudal appendages ; and the Thystmura, or Spring-tails, 
with mandibulate moujbs, and with two or more bristles attached to the caudal extre- 
mity. The Hemimctubula include three principal orders, of which one, the Rhynchota , 
including the Bugs Vind Cicadoe, is characterised by the possession of a jointed suctorial 
rostrum, whilst the other two are mandibulate. In one of these, the Ortho pt era, 
the wings are unequal ; the posterior membranous pair being the largest, and folded 
up in repose beneath the anterior pair, which are generally coriaceous in their 
texture. A second, the Neuroptera, has the wings generally equal in size and similar 
in consistence. Some of these have quiescent pupae. A fourth small order, the Phy- 
sopoda, consisting of minute insects nearly allied to the Orthoplera , is characterised 
by the possession of four narrow fiat wings, without nervures, but furnished with a 
fringe of fine hairs. 1 4 

The third sub-class, the Metabola, is divided into six orders, of which throe have 
the mouth completely suctorial ; whilst in the others some of the oral 4 organs are 
always formed for biting. Oi the suctorial Metabola, the Aphaniptera (a little order 
including only the Fleas) have the thoracic segments distinctly separated, and the wings 
represented only by two homy plates on each side of the body. 

In the two other suctorial orders the segments of the thorax aro more or less com- 
pletely fused into a mass. Of these, the Dip ter a, or Julies, are distinguished by their 
short proboscis, and by the possession of only a single pair of wings ; the position 
of the hinder pair being occupied by knobbed filiform organs; whilst 'the Lepi- 
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djptera, including the well- known Butterflies and Moths, arc furnished with a 
sjfiral trunk, and with four large scaly wings (Fig. 185). Of the mandibulatc 
orders of this section, the Hymetwptera are characterized by their four more or 
less membranous veined wings, of which the posterior pair are always the smallest ; 
whilst the Coleoptera , or Beetles, are distinguished by* the horny consistency of their 
anterior wings, which serve merely as iftises for the protection of the delicate mem- 
branous hinder pair. A third mandibulate order, the curious Strepsiptera , or Bee- 
parasites, apparently allied to the Coleoptera , have the anterior wings reduced to a 
rudimentary condition, forming a pair of Angularly twisted tippencfages placed on the 
mesothorax ; whilst the hinder wings are of largo size, and fold up like a fan during 
repose. The females arc apterous. 


Sub-class I. — AmetaIiola. 

Order I. — Anoplura. 

Neither the habits nor the appearance of tlig insects forming the present order 
arc such as to render them particularly attractive objects, ^xnall as they are, perhaps 
no other insects inspire so much disgust as 
Lice ; being generally regarded as the con- 
comitants of dirt)- habits. They have a 
flattened and semi-transparent body, with 
a distinctly separated head, which bears a 
pair of short five-jointed antennae and one 
or two simple eyes on each side, and is 
furnished beneath with a soft retractile pro- 
boscis, within which are four bristle- like 
organs, the analogues of the mandibles and 
maxillae. There is rarely any distinction 
between the thoracic and abdominal 
segments, except that the former are 
furnished with three pairs of stout legs, 
terminated cither by a strong hook or by a pair of clasping claws (Fig. 1 88). . 

These animals are all parasitic upon mammiferous animals, of which almost every 
species has its peculiar louse, whilst some of them harbour three or four distinct species 
of these parasites. Four species inhabit the human subject, three of them being of 
ordinary occurrence, whilst the fourth, the Pedieulus tabescentium , has gnly been 
occasionally observed, but always in vast numbers, either causing or accompanying a 
complaint under which the patient appears gradually to waste awaf. • Several instances 
are recorded in ancient authors of death being caused by this disease, which is termed 
phthiriasis (from the Greek phtheir, a louse) ; and although, in some of these cases, the 
mischief appears rather to be attributable to mites, allied to the Sarcoptes scabiei (page 
319, Fig. 147), yet the occurrence of vast quantities of Pedtculi upon an old woman, 
which was observed some years since at Bonn, would seem to show that true Lice may 
have been the aggressors in somp of the fatal cases on record. 

These insects generally infest those parts of their hosts which are most thickly 
covered with hair, amongst which they creep about *witb ease by means of their 
grasping claws. They attach their eggs, which are of a pear shape, to the hairs, and * 
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the young are excluded in a few days. They undergo no metamorphosis, and are sopn 
capable of reproduction ; so that tbeir numbers rapidly increase, when proper measures 
for their eradication are neglected. Burmeister arranges the Anoplura with the 
Rhynck'da, 

Order II. — Mallophaga. 

« 

General Characters.— This small oiiler is composed of insects bearing a 
general resemblance to the Lice, with which, in fact, they are arranged by many 
authors; whilst Burmeister, whose system admits no orders of apterous insects, 
places them with the ( hthoptera in his order Gymnognatha . They differ from the 
Anoplura, } in having the mouth always formed for biting, being furnished with a 
pair of hooked mandibles, and distinct upper f.nd lower lips, and sometimes with a 
slender pair of palpigerous maxillae. This difference in structure is accompanied by a 
corresponding difference in habits. Instead of sucking the blood of the animals on 
which they are parasitic, the Mallophaga devour the most delicate portions of their 
hair or feather^ ; * frequently attacking 1 these organs at the moment of their sprouting 
through the skin. They are especially common upon birds, few of them being free from 
suph parasites ; and some species a) so infest quadrupeds. As nearly every species of 
bird has at least one of tl\ese parasites peculiar to itself, their numbers, as might be 
expected, are by no means small, and* they have been formed into numerous genera. 
Burmeister divides them into two families — the Philop ter idee, with filiform antennae, and 
without maxillary palpi, and the Liotheidee , with maxillary palpi and clavate antennae. 

Order III. — Thysanura. 

General Characters. — This order includes a small number of mandibulate 
insects, referred by Burmeister, like those of the preceding order, to the neighbourhood 
of the Orthoptera. They are distinguished from the other Ametahola by the possession 
of caudal appendages, by means of which most of them are enabled to execute consi- 
derable springs. The body is clothed with hairs or scales. The head is sometimes free, 
sometimes concealed beneath the prothoracio segment. The eyes, in some species, are 
compound ; bufc the majority are only furnished with a group of simple eyes on each 
side of the head ; ahd Vhc mouth is composed of an upper and lower lip, a pair of man- 
dibles, and a pair of maxillae ; the lower lip and maxillae being usually furnished with 
palpi. 

Divisions. — They form two families — the Poduridat , or Spring-tails, and the 

Lcpismidce. In the former the caudal appendage 
has the form of a forked tail (. Podura , Fig. 189), 
which is bent under the animal when not in use, 
and by its sudden extension causes the animal to 
spring, often to a great distance in comparison 
with its size. The head is distinct ; the antennae 
short, and generally four-jointed ; the simple eyes 
six or eight on each side ; and the palpi very 
short, and composed only of a single joint. The 
body is covered with numerous minute scales, often of a beautiful silvery or pearly 
lustre, and curiously striated, which are frequently employed as test objects for the 
microscope. The insects usually live in moist placfcs, under leaves, in considerable 
numbers. Some species may beVound jumping about on the surface of the water, whilst 
others are met with in profusion upon snow and ice. 
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The Lepismidae ( Machilis , Fig. 190), have a spindle-shaped body, usually covered with 
mlvcry scales, and furnished along the sides of the abdomen 
with a scries of appendages or false feet, besides several long, 
jointed, bristle-like organs at its extremity. The head is 
concealed under the protliorax ; thc f eyes are usually com- 
pound, and frequently occupy the wlfole of the head ; the 
antennae are very long, and composed of numerous joints ; 
and the maxillary palpi, which consist of from five to seven 
joints, arc very conspicuous. # • 

These insects generally inhabit moist places under stones* 
in woods, and similar localities. The most common species, 

Lepitfma Sficcharina , , is frequently found about houses, espe- 
cially in sash frames. They are very active, and many of 
them jump well ; but they generally conceal themsefves during 
the day, and seek their food, which appears* to consist of 
vegetable matter, by night. 

Sub-class II. — Hemimetabola. 

• 

The majority of the insects of this sub-class are active in 
all stages of their existence; and, as a general rule, the prin- 
cipal differences between the larva at its exclusion from the 
egg, and the perfect insect, consist in its smaller size, and in 
the absence of wings. In the last order of this section, the 
Neuropiera , the difference between the larva and the perfect 
insect becomes greater, and in some of these insects the pupa 
stage is passed in a quiescent state ; but in these the pup®. still retain the power of 
motion. 

Order IV. — Rhynciiota. 



Fig. 190. — Machilis. 


General Characters. — The order Rhynchotn , corresponding wi$i the Jlemiptera 
of Latrcilfe, is distinguished from the other insects with an i A perfect metamorphosis, 
by the possession of a suctorial mouth. This consists of a more or less flexible jointed 
rostrum, composed of the labial palpi, which forms a sheath within which four bristles, 
tho analogues of the mandibles and maxillae, are contained and "protected from injury. 
By moans of these bristles the insect wounds the plants or animals upon the juices of 
which it feeds, and the fluid nutriment is then sucked up by the action of an inflated 
appendage of the oesophagus. The head always bears a pair of compound eyes, and 
usually either two or three ocelli. * • 

Most of these insects possess four wings, which vary considerably in their structure. 
The segments of the thorax are usually distinctly separated. The legs are generally 
formed forValking ; but the anterior pair are sometimes converted into raptorial organs ; 
and in the aquatic species the hinder legs are generally flattened, and fringed with 
bristles, to render them efficient organs of natation. 

Divisions. — Tho order Rhynchota may be divided into two sub-orders, which, in 
fact, have frequently been regarded as distinct orders, especially by English entomolo- 
gists. In the first, the Hmioptera , the anterior wings are usually of similar consistence 
throughout, and the mouth is turned backwards, so fhat the rostrum springs from the 
baso of tfie head, and, in some instances, apparently from the breast. In the second , 
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Bub-oi\ler, the Hetiroptera , the anterior wings are almost always of a horny consistcn *.*.• 
from the base to the middle, or even further ; the remainder of the wing being mem- 
branous, and the lino of demarcation between the two parts perfectly distinct; in 
those the rostrum springs from the anterior portion of the head. 

tj 

Sub-order L — Hoitoptera. 

The Homoptcra form throe great groups or tribes. The first, the Coccina , is com- 
posed of numerous minute insects, of which the history is still very imperfectly known. 
Of these the tarsi h?ve only one joint. The males are furnished with two wings, with 
a few straight jicrvurcs ; they are destitute c tZ a rostrum, and pass their pupa stage in 
a state •of repose. The females are destitute of wings, possess a rostrum, and appear to 
undergo no metamorphosis whatever. These curious little creatures, whose history is 
so singular that some authors have proposed the formation of a separate orddr for their 
reception, are principally inhabitants of the warmer regions of the earth, although 
many species are £ound in our own country, Inhere some of them are well known to 
gardeners under the name of 11 the bug,” from the injury they do to many plants, 
especially in hot-houses. 

Nothing can well bo. more dissimilar in appearance than the two sexes of these 
singular insects (Fig. 191). 1 The females usually form a mere fleshy mass, often 
nearly destitute of limbs, and remaining attached to one spot upon the branches of the 
plant infested by them, from which they continue to suck nutriment, by the agency of 

their rostrum, until they attain a consider- i 
able size. The males, on the contrary, are 
generally very minute and really elegant 
creatures, furnished with a single pair of 
filmy wings ; the only representatives of 
the hinder wings being a pair of organs 
somewhat similar to the halter a of the Di}>- 
tera . Hence some entomologists have put 
forward the opinion that the males of the 
Coccina arc, in reality, dipterous parasites ; 
but this view is quite untenable. The 
abdomen of the male is generally furnished 
with a pair of long filaments. In some 
instances the females retain their limbs and 

power of motion through life. 

The larvae of these insects arc minute, oval creatures, resembling little Woodlice, 
which croc* freely about the plants they inhabit, and live without any apparent 
change through the w,\nter,-fvat least this is the case in one British species (the Coccus 
aceris), as observed both by Mr. Westwood and the author. In the spring the females 
become remarkable by their increased size ; they attach themselves to the branches of 
the sycamores, on which they live, and gradually swell until they resemble fleshy 
excrescences, about the size of a small pea. At tho same time the males change to 
the pupa state beneath the skin of the larva, which then resemble little oval scales 
attached to the bark. In the month of May the males acquire their full development, 
and when nearly ready for exclusion their little white* tails may be seen projecting 
from beneath the grayish case formed by the skin of the larva* They emergo back- 
wards, so that the wings are pulled up over their heads, and immediately o*n leaving 
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their case they seek the female. After the impregnation of their disproportionate paf tners, 
t^c great end of their existence, the males disappear ; but the females continue growing 
for some time, and *at last lay their eggs in the midst of a mass of white cottony 
matter, between the bark of the tree and the lower surface of their own bodies. The 
latter at length become nothing but dry convex shells, beneath which the young are 
hatched. The development of the otliqj species of the order is very similar. 

Nor is the singularity of their natural history the only claim that these insects • 
have upon our attention. Lowly as they may he, in point of organization, there are j 
few insects that exceed them in commercial importance. The finest red dyes known 
to our manufacturers arc derived from tfiesq creatures. The Lecanium IZicis , which 
inhabits the lie x or cvcr-grccn oak of the countries round the Mediterranean, was 
employed for this purposo by the ancient Greeks and Romans, as it is still by the 
Arabs ; a nft until the introduction of the Mexican cochineal, another 6pccics, the 
Porphyrophora polonica, which lives on the roots of the Scleranthus perrennis in Central 
Europe, was much used for the same purpose. • The Mexican cocjiipcal, which has 
driven the others out of the field, is also a species belonging to this group, the Coccus 
cacti (Fig. 191), which lives as a parasite upon the Nopal, or Cactus opuntia — a plant 
very common in Central America. The commercfhl importance of this insect is shcfwn 
by the fact, that in 1850 no less than 2,514,512 lbs. of cdbliineal were imported into 
Great Britain alone ; and as about 70,000 insects arc supposed to be contained in a 
pound of this substance, we may form some idea of the numbers annually destroyed. 
For many years the cultivation of cochineal was entirely confined to Mexico ; but the 
insect has lately been introduced into Spain and the French possession^ in Africa, with 
some prospect of success. A fourth species, of great importance, is the lac insect 
{Coccus lacca), an inhabitant of the East Indies, where it feeds upon the Banian-tree 
{Ficus rtliyiosa ), and some other trees. To this insect we are indebted, not only for the 
dye-stuffs known as lac-dye and lac-la Ice, of which upwards of 18,000 cwts. were 
imported in 1850, but also for the well-known substance called shell-lac , so much used 
in the preparation of sealing-wax and varnishes. In all these cases it is only the 
female insects that yield the colouring matter. 

In one ’genus of Coccina {Dorthcsia), several species of which are found in thiS 
country, the female — which, although apterous, is active in all stages—' ‘is completely 
covered with a snow-white secretion, which gives it more the appearance of a little 
plaster-cast than anything else. 

In a second tribe, the Phytophthiria , or riant-lice, both sexes are either wingless or 
furnished with four distinctly veined wings. The rostrum springs apparently from the 
breast, and the tarsi arc two-jointed and furnished with two claws. 

The greater part of this tribe is composed of the Aphides, or Plant-lice {Fig. 192), 
whose extraordinary history renders them one of the most interesting groups of insects. 
These creatures must he well known to every one. They 
are all smalS animals, with a more or less flask-shaped body, 
furnished with six feet and a pair of antennae, and usually 
with a pair of short tubes close to the extremity of the 
abdomen, from which a clear sweet secretion exudes. Both 
sexes are sometimes winged, sometimes apterous ; and the 
individuals of the same spccic&.are often winged and apterous at different periods 
of the year. They all live upon plants, the juices which they suck ; and when 
they oocui* in great numbers, often cause great damage to vegetation. Gardeners 



Fig. 192.— Aphis Ros®. 
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and ftrmers are well aware of this. Many plants are liable to bo attacked by 
vast swarms of Aphides, when their leaves curl up ; they grow sickly, and tliefr 
produce is certain to be greatly reduced. One striking instance is presented by the 
Hop-fly^ {Aphis Humuli). The cultivation of hops is notoriously a most uncertain 
business ; and this uncertainty is mainly caused by the occurrence, in some seasons, of 
vast numbers of these minute insects ; whilst in others very few arc to be seen. So 
great is this deficiency sometimes, that the amount of duty paid upon hops, in different 
years, has varied between £15,400 and £468,000, indicating, of course, a corresponding 
variation in the am‘6unt of the crops. Many species also attack the roots of plants, 
where their presence is speedily indicated by the gradual withering of the foliage. 
Lettuces, amongst garden vegetables, are especially subject to these visitations. 

The sweet fluid, which exudes from the tubular process of the abdomen of* these 
insects, is often in such abundance that it drops upon the leaves of the plants frequented 
by them, and even to the ground. It is well known by the name of honey-dew. 
Ants have a particular fondness Jor this fluid* and may constantly be seen upon trees 
and plants frequented by Aphides , stroking them with their antennae, apparently to 
induce them to furnish a supply of the coveted fluid. From this circumstance the 
Aphides have been termed the Ant’s milch -cows ; and they arc said to tend them with 
as much care as would be bestowed by a human farmer upon his cattle. Wasps also 
have been observed similarly engaged. 

But the most singular portion of the history of these insects is their very curious 
manner of propagation. In the autumn, male and female insects arc found, furnished 
with perfect generative organs ; these copulate, when the females lay eggs, which are 
hatched the following Bpring. But, instead of producing individuals of both sexes, 
these eggs give birth only to female animals, which produce living young without any 
congress with the malo ; the brood thus brought forth again produces living young in 
the same manner, and this goes on throughout the whole summer, without the appear- 
ance of a single male insect. In the autumn again, male and female individuals are 
produced, and the latter lay eggs which are to continue the species until the following 
summer. This, succession of fruitful virgins, as they have been termed, was traced by 
Bonnet through nifle, knd by Duvau, in seven months, through eleven generations, 
when the experiments were cut short by the cold of the approaching winter ; but 
Kyber, t a German naturalist, by keeping a colony of Aphides in a warm room, observed 
this mode of reproduction during a period of four years without once seeing a male 
insect. The young ones thus produced grow rapidly, and change -their skin9 three or 
four times; so that in a few days they are in a condition to continue their race, and the 
numbers of a colony often increase so rapidly that the plant on which they have 
established 1 themselves is completely destroyed. 

Few phenomena fix natifral history have presented more difficulties to physiologists 
than this, and many have been the theories advanced to account for it. Some have 
imagined that the viviparous Aphides were hermaphrodites, whilst others have recurred 
to the doctrine of spontaneous generation. Some have supposed that by some myste- 
rious process the original copulation was sufficient to fecundate all the ova to be pro- 
duced from the descendants of that union for a certain number of generations, when its 
virtue being exhausted, males and females made their appearance as a last generation ; 
whilst Steenstrup regarded the reproduction of the Aphides as an instance in support of 
his doctrine of the altemation^bf generations (see pages 252 and 254). We have not 
space for the discussion of this curious question, which is of great physiological im- 



FROG-HOPPERS. 349 


S rtance. Wo shall merely state that a modification of Steenstrup’s view is probalJly the 
rrect one, as recent researches, especially those of Dr. Burnett,* appear to prove that 
the viviparous Aphides possess no ovarian organs, and that their young arc funned by 
a process of gemmation in the interior of the abdomen, — a process which Dr.^ Burnett 
regards as analogous to the budding of the Medusa from their Hy droid polypes. 

The legs of the Aphides are long, buif weak, and their motions are confined to a slow 
march upon the leaves and stems of plants ; but another family of plant-licc, the 
Psyllidaij have the hinder thighs much thickened, so as to form powerful springing 
organs. , 

In the third section, the Cicodaria , which includes a great variety oT animals, the 
tarsi arc three-jointed, the antennae usually minute and terminated by a bristle ; and the 
wingS, wh^ch are four in number, are furnished with numerous nervurcs, forming several 
cells. The anterior wings are sometimes of a leathery texture, and generally of a 
firmer consistence than the hinder paij, which they^covcr and protect during repose. 
The rostrum is always distinctly attached to \hc head, and neveij aven apparently, 
springs from the front of the breast. The great diversity of form presented by these 
animals has led to the establishment of many families ; but we can only indicate the 
four principal groups into which they are divided by authors. 

The first of these, the Cicadellina, or Cercopidce , of which the Aphrophora Spnmaria 
(Fig. 198), or common Frog-hopper, is a well-known British example, have the antennae 
placed between the eyes, and the scutellum visible — that is to say, not covered by a 
process of the prothorax. The ocelli, which are sometimes wanting arc never more 
than two in number. These little creatures are always furnished with long hind legs, 
which assist them in performing most 
extraordinary leaps. The posterior tibiae 

of many species are armed with a double (l 

row of spines. A species nearly allied 6 

to that here figured (the Aphrophora, 
hifasciata) is very abundant in gardens. 

The larv^ envelops itself in a frothy 

secretion, which has received the name SzLj* * 

of Cuckoo-,^ and this denomination 

has been extended to the insects. An m 

immense number of the species of this group are to be met with almost everywhere. 


BUS 




Fig. 194. — a, Bocydium globulare ; 6, B. cruciatum. 


Fig. 195.— Fulgora latcrnaria (reduced;. 


The Membractna, forming the second group, resemble the preceding in most of their 

• Dr. Burnett's important paper appeared in Silliman's American Journal for Januaiy 1854, and 
was reprinted in the Annals of Natural History for August, in xhe same year. It contains original 
observations, accompanied by a general resume of the subject. 
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characters, but have the back of the prothorax produced into a singular process, whi^h 
often covers and conceals not only the scutellum but the whole upper part of the 
insect. This prothoraeic process often assumes the most remarkable forms, two of 
which are represented in Fig. 194. Both these insects inhabit Brazil ; and most of the 
species of this group are found in tropical countries, two only inhabiting Britain. 

In the third group, the Fulgorina , the antennae are placed under the eyes, and the 
ocelli arc only two in number. This group includes the Lantern-flics {Fulgor<&) y of 
which a large spqpies, inhabiting Guiana, the Fulgora laternaria (Fig. 195) is said to 
emit considerable light fn the dark. Thi3 account rests principally upon Madame 
Merian’s statement, and appears never to have been observed since her time ; so that 
the generality of entomologists are disposed to ddubt the occurrence of the phenomenon. 
The light is said to be produced from the singular prolongation of the head, w hich is 
common to this and many other species, exhibiting most extraordinary forms in some 
instances. A wcll-knowm example of Jke genu 3 Fulgora is the F. Candelaria , constantly 
to be seen in boxes of Chinese insects. Many of the Fulgorina are of large size, and 
decorated with most brilliant colours ; but these arc all inhabitants of warm climates. 
Thp European species are small, and generally very dingy in their appearance. 

The fourth group is distinguished from all the rest by the possession of three ocelli. 
The antennae are placed in front of the eyes. These 
insects are called Stridulantia , from the faculty they 
possess of producing a chirping noise, which, as they are 
generally of large size, is often exceedingly loud and dis- 
agreeable. Nevertheless, the ancients, and especially the 
Greeks, appear to have regarded this music, which is 
very unpleasant to modern ears, with feelings of great 
satisfaction; and the Cicada is often referred to by the 
Greek poets. Anacroon, in particular, has devoted an 
ode to singing the happiness of this insect. An element 
of this happiness, according to another Greek poet, is, 
that the Cicadm * u all have voicelesB wives,” an opinion 
which will projbably find supporters in the present day. 

This shows that the ancients were well aware that only 
the male Cicada possessed the musical talent which 
they seem to have admired so much. The apparatus, 
by w r hich tlielfeound is produced, consists in a sort of a 
drum placed in a cavity on each side of the base of the 
abdomen ; tfiis is pulled inwards by the action of a parti- 
cular muscle, and on being again let loose its vibration 
produces a loud, sharp tone. The drums are concealed by scalc-likc plates, which are 
sometimes so large as to reach nearly to the extremity of the abdomen. « 

The female lays her eggs in slits, which she cuts in the hark of trees by means of a 
curious saw-like ovipositor ; these are generally so weakened by the operation that 
they fall to the ground, when the larvae burrow down to the roots of trees, upon w r hich 
they feed, often occasioning considerable damage. They appear to occupy at least 
two years in their development. An American species is very remarkable from its 
appearing only once in seventeen years in the same locality, apparently passing the 
interval in its preparatory stages. Hence it is known, in the United States, as the 
Seventeen-year Locust. Its scientific name is Cicada septendecim. 
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Fig. 197. — Noto- 
necta. 


Sub-order II. — IIeteroftera. 

•i 

The TTcteroptera , or Buga, form two principal groups, distinguished by their structure 
and habits, — tho Hydrocores or Water-bugs, and tho Geocores or Land-bug^, 
former are at once recognizable by tfye small size of their antennae, 
which arc composed of three or four *short joints, and concealed 
beneath the eyes. Of these, the Notoncctida are distinguished by 
Ihcir broad, rounded head, which occupies the whole width of the 
front of the body. They swim rapidly abgut in the water, ^ith their 
N llies directed upwards, rowing themselves along by means of their 
flattened hinder legs, which are extended on each side of them like 
« ‘ill’s. ’ Hcqcc tho Notonecta (Fig. 197), is generally known as the 
fuwt-fiy. They carry the air required for their respiration in a space 
left for this purpose between the wings ^md the back. They are very active and preda- 
ceous animals, and when captured some of them often inflict a pointful wound with 
their powerful rostrum. Several species may be met with in 
almost any piece of water. Jn the second group, the Nepina, fiie 
head is small and triangular, and*£cncrally considerably nar- 
rower than the thorax. *Their legs are generally less distinctly 
formed for swimming than in the preceding group; but the 
anterior pair are converted into powerful raptorial organs ; as the 
JXcpina, although much slower in their movements, are quite as 
predaceous in their habits as the Notonectuia. 

Idle Nepa cinerca (Fig. 198) is a British example of this 
group, which may bo met with in every pond. These insects 
respire by means of tlie filaments attached to the? caudal extremity 
which they place at the surface of the wate r, the only available 
stigmata being situated at the base of these filaments. 

In the G cocores, or Land-bugs, for wkich Air. Westwood has 
proposed the name of Anrocorisa (Air-bugs), as more appropriate, 
some of the species inhabiting the surface of the water, the ffntennae aro never con- 
cealed, and the legs are always formed for running. When disturbed or irritated 
most of them emit a most offensive odour, which no one who has ever £ad the 
misfortune to have any dealings with the common Bed-hug will be likely to forget. 
These insects form nine principal groups, of which the first four have the rostrum of 
three joints, whilst in the remainder this organ is composed of four articulations 
The species with a three-jointed rostrum are, for the most part, predaceqjis in their 
habits ; whilst those with four joints generally feed upon vegetable juices. * 

The nearest approach to the Water-bugs appears to inatle by the Plotere.% a 
group of buys with a boat-like body and very long legs, which may be constantly seen 
mulling about upon the surface of ponds and quiet rivers. They arc distinguished 
fi om tho other Hcteropfera by having the claws inserted at some little distance from the 
apex of tho last joint of the tarsi. Some species have been taken on the surface of the 
sea at a great distance from land. Another group, the Riparia , is formed of small oval 
bugs, often met with in the irqid at the sides of ponds ; a third, the Reduvina , is dis- 
tinguished by having the head produced behind the eyes into a distinct neck. This 
group includes the most predaceous and some of th> largest of the Geocores. The 
rostrum is usually stout, and is said to inflict a most severe wound. " In the Mem - 



Fig. 19R. — Ncpa 
citicreu. 
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branacMy to which '"the common Bod -bug belongs, the rostrum is inclosed in a sort of 
canal, formed by two little ridges running down between the bases of the legs. 

Of those groups with & four-jointed rostrum, two aro destitute of ocelli or simple 
eyes. Of those, one (the Bicelluii) is composed of a great number of small insects, 
which may usually be found upon plants in jjreat profusion during the summer 
months. They are distinguished by having th » nervures of the membranous portion of 
the hcmclytra formed into two basal cells. The two lost joints of the antennae, which 
are composed of four joints, are generally very slender. In the second group, the 
Cacigenia, the membrane is furnished with numerous parallel nervures, and the four 
joints of the antennae are nearly of equal thickness. These insects are generally of 
a bright scarlet colour, adorned with black spots. Ono species is found in England. 

The same colours not unfrequently occur in the next group, the Lyywodea, which, 
however, possess ocelli. These are further distinguished by the insertion of tbeir 
antennae upon the sides of the head!, below" a line drawn from the eyes to the rostrum, 
and by the membir.ne of the hcmolytr£ never taving more than four or five nervures. 
Numerous species occur in Britain. The Coreodea are distinguished from the preceding 
group by the insertion of their antennae higher up on the sides of the head, and by the 
presence of numerous nervines in the homely tral membrane. The scutcllum is usually 
small and triangular, and \he antenn'e are always composed of four joints. The 
majority of these insects inhabit hot climates, where many of them attain a large 
size. Some of them are remarkable for strangeness of form, but very few for brilliant 
colouring. The European species are all small. 

The Scutata y 'the last group of the order, includes some of the most brilliant crea- 
tures contained in it, or perhaps in the entire class of 
insects. Their most striking character consists in the large 
size of the scutcllum, which in all cases reaches the base 
of the hemelytral membrane (Fig. 199), and in some in- 
stances is so large as to cover all the upper surface of the 
body, serving as a sheath for the protection of the wings. 
The antennae aie usually composed of five joints, and are 
almost always inserted beneath a projecting margin of the 
sides of the head. The rostrum is frequently long, sometimes 
longer than the body. This group includes a great number 
of species, most of them of considerable size. The majority 
inhabit warm climates, to which the species with the very 
large scutcllum are almost confined. Afiiongst these the 
Callide&y which arc of a brilliant golden green colour, with 
black spits** rival the most splendid butterflies in beauty. 

* * 

Order V. — Physopoda. 

General Characters.— The small order Physopoda includes some mihute insects 
which were placed by Linnaeus, Fabricius, and most of the older entomologists, in the 
same order with the Jihynchota , their mouth at the first glance hearing a certain 
amount of resemblance to a minute rostrum. Later observations proved, however, that 
the structure of their oral organs was quite different irom that presented by the Jihyn- 
chota; and they have since been generally placed in the neighbourhood of the Orthoptera. 
Burmeister included them in £is order Gymnognatha % with the other m&ndibulato 
H emimc taboloua and Ametabolous insects. ® 



Fig. 199.— Ilalys Mucorea. 
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The Physopoda aro generally furnished with four nearly equal, flit wings, destitute 
ofkretieulations, but usually fringed, especially at the apex, with numerous fine hairs. 
S<mie species, howe\^r, are apterous. The head (Fig. 200) bears a pair of large, 
granular, compound eyes, between which there are 
usually throe ocelli. The antennm are generally 
composed of about eight joints, and art? attached to 
the front of the head between the eyes. The lower 
part of the head is bent back under the breast, and 
the mouth is situated at its hinder extremity ; so 
that the resemblance to the Homcptera is tolerably 
complete. The organs of the mouth consist of a 
large triangular upper lip, behind which a pair of 
curved, briJtlo- shaped mandibles is situated ; the 
inaxilko are small, usually attached to the labiutn, • 
and like this bear a pair of jointed puipi. T^e 
presence of the latter organs will always distinguish 
these insects from the Iihynchota, The tarsi are Fig. 200.— Phlceothrips. 

composed of two joints, the last of w hich is desti-# a, natural size ; ft, insect magnified; 
tute of claws, but furnished with a soft vesicular c ' *i ead ; dy mandlblL ‘ 8 » e * 
organ, which enables the insects to adhere firfnly to any object upon which they are 
walking. It is from this structure that the name of Physopoda , given to this order, is 
derived (Gr. phusa a bladder, pom a foot). 

These insects are found upon most plants, generally in the flowers, which they 
appear to visit in search of the sweet fluid generally to bo found in such situations. 
They run quickly, and often perform considerable leaps by the assistance of the abdo- 
men, which is employed in the Bame way as the furcate appendage of the Podurce. 
Many of them, not content with such light nourishment as the nectar of flowers, in- 
habit the foliage and stems of plants, to w hich they often do a great deal of mischief. 
One species, the I'hrips cerealium , has frequently done considerable damage to the 
wheat crops, both in this and other countries, sometimes attackir!^ the grain in the ear, 
and sometiqics gnawing the tender stems. Others, of which the specie^ represented im 
our figure (Fig. 200) is an example, are found upon and under the bark octrees. 

Divisions. — Mr. Halfday divides these insects into two tribes. In the first, the 
Tubulifera , the terminal segment of the abdomen is tubular in b^th sexes ; whilst the 
females of the second, the Terebrantia, arc furnished with a valvular serrated ovipositor. 

ObDER VI. OllTHOPTEBA. 

General Characters. — The Orthoptera form the first order of the IJemimeta- 
bolous insects, in which the mouth is unmistakably formed for biting. The Aiead is 
usually largo and perpendicular, furnished with a pair of*antenfiee of very variable 
length (generally long and composed of numerous joints), with a pair of large compound 
eyes, and usually with two ocelli. The mouth is usually of very powerful construc- 
tion ; the mandibles strong, homy, and toothed ; the m axillae large, with the apex half 
concealed by a hood-like, homy lobe, and each bearing a long five-jointed palpus ; the 
upper and lower lips are large, and the latter is furnished with a pair of three-jointed 
palpi, and usually with one or two additional pairs of palpiform lobes. The segments 
of the thorax are distinct, the anterior segment, or prothorax, being generally of large 
size. The remaining segments are usually concealed fader the w ings, $hich, when * 
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pres&at, are four £1 number, tbe anterior pair smaller than the posterior, and generally 

of a leathery or parchment-like texture, 
serving as a promotion for the latter, 
which, in repose, are folded up in a fan- 
like form. The anterior wings almost 
r Always lap over each other at the apex, 
and both pairs are traversed by distinct 
reticulated nervures. The principal ner- 
vures of the hinder wings always radiate 
from a central point to the circumference 
(Fig. 201). The legs vary greatly in 
rorm. Somo species are exclusively 
formed for running (Cockroaches, Ear- 
wigs), all the logs being of nearly equal 
* size ; in others the anterior pair are 
greatly enlarged and converted into rap- 
torial organs (Mantis), the insect run- 
ning upon the other four legs ; whilst 
in others, again (Grass-hoppers, Locusts, 
Fig. 201.— Locust, with wings expanded". Crickets), the hinder legs, and especially 

the thighs, are of very large size, enabling the insects to execute great leaps. The 
number of joints in the tarsi varies from three to five. The metamorphosis of theso 
insects has already been described (page 341, Fig. 186). 

' Divisions. — The Orthoptera fall readily into two great sections — namely, the 
saltatorial and cursorial Orthoptera . The former (in which the hind legs are always 
elongated and converted into leaping organs, and the tarsi never composed of more 
than four joints) include three tribes, — the Locustina , tho Qryllina , and the ^ichctina. 
They are all herbivorous insects. 

In tho Locustina the tarsi are three-jointed ; tho antennas short, and composed of 
from twenty to thirty joints ; and the females have no apparent ovipositor. The head 
is usually fumfshejl v^th three ocelli. Few insects are more dreaded by die inhabi- 
tants of tbe warmer regions of the earth than those Locusts, which, from their often 
collecting in vast swarms, and moving onwards with a steady and irresistible progress, 
quickly* destroy every trace of vegetation over a vast extent of country; thus reducing 
the husbandman to despair, and converting the smiling face of nature into a desolate 
wilderness. ‘ A district, over which one of these devastating swarms has* passed, is said 
to appear, to the eye of an observer, as though every vegetable production which once 
decked itstsurfaco had been completely burned off the ground ; hence the Latin name 
of the ‘insect ( Toctjsta , fy>m locus ustus , a burnt place) is peculiarly appropriate. 
Eastern countries, and especially those in tho neighbourhood of the Levant, appear to 
bo most exposed to tho ravages of these destructive insects ; and we find many highly 
poetical references to them in the writings of tho Hebrew prophets, wherein this 
appearance of burning is expressly mentioned. 'When the vegetation of the place first 
devastated by these creatures is entirely destroyed, they take to flight in countless 
multitudes towards some other devoted spot, often forming clouds of several hundred 
yards across, which, in their passage, sometimes conceal the light of the sun. When 
engaged in %e work of destruction they are said to produce a sound resembling that 

of a strong flame driven by the wind, and the spot upon which they have .alighted is 
* 
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almost immediately denuded of evozy thing green. The descent of a hostile army is 
lc^s dreaded in the countries subject to these visitations, than tho appearance of the 
hosts of the Locusts, which were regarded by the anoints, both Jews and pagans, 
and are still so by the Arabs, as the avenging armies of the Deity. The modem Arabs, 
in fact, declare that the Locust bears p statement to this effect, in good Arabic, in the 
markings on its wings. The best knovm species is the Zocuata migratoria (Fig. 177), . 
which has occasionally found its way into Central Europe, and even to our own island ; 
but in the south of Europe this insect is a formidable enemy to agriculture, and a 
considerable amount is there annually pai<J in rewards for it® destruction. 

The inhabitants both of Asia and Africa, where Locusts particularly abound, use 
these animals as a common article of food. They generally pull off the legs and wings, 
and fry the^ bodies in oil or butter, and a dish of Locusts well prepared is said to bo 
regarded assomewhat of a delicacy in those countries. The Locusts are also occasion- 
ally dried, pounded, and used as flour. Many of our British Grasshoppers belong to 
this tribe ; some of them ( Tetris) have the back # of the prothorax prffd&ced backwards 
into -a pointed process as long as the abdomen. Tho migratory Locust measures about 
two inches and a half in length, and some other exotic species are much larger ; £ho 
Locusta cristata , a very beautiful species common in the Levant, being four inches long, 
and between seven and eight in expanse of wings. Our ifritish species are generally 
of comparatively small size. Nearly all of them produce a luud chirping noise, by 
rubbing the inside of the thigh against the elevated nervures of the wing oovers ; hut 
beyond this they possess no special apparatus for the production of sound. 

Some species ( Truxa Its and Proscopia) are remarkable for tho form of their heads, 
the front of which is produced into a conical process, bearing the eyes and antennae 
at or near its summit. The antennae, which are generally thread-shaped) are some- 
times thickened at the base, and sometimes clavate. 

The insects composing the second tribe (the Gryllina), of which a British species has 
already been figured (Fig. 186), resemble the Locustina in having their wings arranged 
during repose in a roof-like form ; but are at once distinguishable from them by the 
structure of the antenna), which, instead of being short, cylindrical, and stout, are ofc 
great lcngtff, generally very slender, and tapering to a fine poiift. •The females, also, 
are furnished with an external ovipositor (see Fig. 186), and the males haVe a singular 
talc-likc spot, surrounded by elevated nervures, at tho base of each wing-cojpr, by 
the mutual friction of which their chirping is effected. These* two plates are not 
exactly similar, and the insect, in consequence, cannot produce his Bhrill cnusic indif- 
ferently with either wing-case uppermost ; the right wing-case is usually laid over tho 
left one. Tho tarsi are four-jointed. The ocelli Are generally wanting. 

Tho ovipositor of the female is a sword-shaped organ, composed of Bevcra> plates 
attached to the extremity of the body, whicj also bfears a of %hort caudal appen- 
dages in both sexes. *The female pushes the ovipositor a considerable distance into the 
earth, forming a narrow cavity in which she lays several eggs. She then proceeds to 
another spot, and repeats tho operation. * 

The Gryllina appear to frequent trees and shrubs more than either of the other two , 
tribes, the members of which generally keep amongst herbage ; and, in accordance 
with this habit, many of the exotic species have wing-cases, which present the most 
perfect resemblance to leaves, both in colour and veining. There are several British 
species, one .of which (the Grylltis viridisstmus , Fig. 1 9§) is common in autumn , in 
many marshy situations. It is one of tho largest British insects, being about two 
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inches in length, and three and a half in expanse of wings ; and, notwithstanding the 
vegetable nature of its ordinary diet, two of them can scarcely be put together without 
a battle, when the victor very often makes a meal off some of his antagonist’s linios; 
and Mr, Westwood mentionAn instance, in which a specimen of this insect, which had 
been inclosed in a box with one of his own hind-legs, was found to have devoured 
about half of it in the course of the night. Another species (the Decticus vcrrucivorus) 
which has occasionally been found in this country, received its specific name, which 
signifies u wart-eater,” from a belief current amongst the peasantry of the continent 
of Europe, where ^the iqpect is common, that its bite, assisted by a brownish liquid 
whiclj it cmife from the mouth, is a certain euro for waits. 

Of the tribe Achetina , the common Cricket, ( Achcta domestica , Fig. 202), the noisy 
little denizen of our kitchen hearths, may serve as an example. These insects, like 
those of the preceding tribe, have the antennae slender and tapering, and 'often consi- 
derably longer than tlio body. Tncy also agree with the Qryllina in the structure of 
the singing apparatus ; but the 
wings, instead of being arranged 
in the form of a high pitched roof, 
are laid flat upon the back. Some 
of them possess ocelli, whilst 
others are destitute of those or- 
gans. The hinder wings arc very 
long, and folded up in such a 
manner that they project beyond 
the wing-cases, in the form of a pair 
.of tapering tails ; the abdomen is 202.— Cricket (Acheta domestica). 

also furnished, in both sexes, with 

a pair of pilose, bristle-shaped, caudal appendages, and in the female with a long, 
slender ovipositor, composed of two filaments, laid side by side, and somewhat 
thickened at the tip. c The tarsi arc three-jointed. 

The common House- cricket is too well known to need any particular description. 

'During the colder mcriths these insects always seek the habitations of mam; when they 
establish themselves in the neighbourhood of the fire-place, in some room on tho 
ground floor, generally preferring the kitchen, where their monotonous chirping may 
generally be heard in the winter evenings. In summer, however, they remove their 
quarters to, the open air, taking up their abode apparently in the crevices of garden 
walls and similar situations. In fine summer evenings they sing most pertinaciously 
in The open air. Their food, when in the house, consists of crumbs of bread, and 
similar household refuse, which are generally to be found in abundance on the kitchen 
hearth. They are «aid tc? come into the houses about the end of August, probably to 
breed ; as minute larvse, not more than% lino in length, may Often be seen later in 
the autumn swarming about healths inhabited by these insects. j. 

It is singular thatjpopular superstition should have attached an ominous significa- 
tion to the chirping of this harmless little creature ; and it is very ridiculous to find 
that even at the present day. this sound is deemed an unfavourable omen in some 
parts of the country, whilst in others it is regarded as having a diroctly opposite 
meaning. t * 

Apart from all superstitious feeling, however, opinions are greatly divided as to 
whether the fireside song of the cricket be pleasant or the reverse. Like the Cicada of 
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the ancients, the Cricket has found its poetical admirers ; whilst tiy many its noteis 
regarded with great dislike. 

Another species is the Ficld-cricket (Achela campestris ), a timid animal which 
avoids the society of man, living all the year round in the burrows which informs in 
sandy banks, amongst stones. This is much larger and louder than the domestic 
species, but is by no means so common, ^frequenting only hot, sandy districts. A still 
more remarkable insect, belonging to this tribe, is tho Mole-Cricket ( Qryllotalpa vulgaris, 
Fig. 178), which, both in its structure and habits, presents no inconsiderable resem- 
blance to the Mole. Like that animal it is constantly engaged ifl burrowing in the 
earth ; and to enable it to do this with facility its anterior limbs are converted into a 
pair of flat, fossorial organs, which arq turned outwards in exactly the same manner as 
the hand of the Mole. It is a British insect, but very local in its distribution. In its 
passage through tho earth it does great injury to the roots of plants, but is said to live 
quite as much upon animal as upon vegetable foofl. The female forms a chamber of 
considerable size for the reception of her eggs, communicating with surface of the 
ground by narrow winding passages, all neatly made and perfectly smooth. The 
number of eggs appears to be from two to four hundred. The young ones remain in 
society until after their first moult ; when they diverse, and form separate burrows # for 
themselves, . 

The habits of the three British species of Crickets form the subject of three of 
the admirable letters of Gilbert White. A species of Mole Cricket, inhabiting the West 
Indies, has frequently committed great ravages upon the young sugar-canes in those 
islands. 


The Cursorial Orlhoptera may he divided into four tribes, of which one is composed 
of exclusively herbivorous animals, whilst the others are cither predaceous, or adapted 
to subsist upon a miscellaneous diet. 

Tho herbivorous tribe, Thasmhm , is composed of some singular insects, to which, 
from their close resemblance to vegetable productions, the names of Walking sticks and 
Walking leaves are commonly given. They arc distinguished by having the head 
exserted, all the legs adapted for walking, tho caudal appendages usually small and not 
jointed, anfi the hinder wings not folded transversely in the mitidte. Ocelli arc some- 
times present, sometimes, wanting. The tarsi arc composed of five Joints,* clothed 
beneath with a membranous cushion, which gives the creatures a firm hold of the 
branches and leaves of the trees on which they live, and furnished with a large' pulvil- 
lus between the claws. The 
wings are sometimes present, 
sometimes entirely wanting ; and 
in somo species the male is 
winged and the female apterous. 

In the Walking sticks ( Phasmida , 

Fig. 203),* the body is much 
elongated, cylindrical, and usu- 
ally of a dingy brownish colour, 
so as exactly to resemble tho 
dried twig of a tree. The wing- 



cases, when present, are ver^. 
much shorter than the wings; 


Fig. 203^—1 Bacteria Fragilis. 


nd as they would be quite insufficient for the protection of those organs when folded, 
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this & provided fir in another way, the outer margin of the wings forming a firm 
plate, under which the membranous portions are entirely concealed during repose. £ 
The Walking leaves (I’hylliicte, Fig. 204) are still more Remarkable in their 
appearance. In these the body is very flat and thin, and the wings form large, leaf-like 
organs, covering nearly the whole abdomen, and furnished with irregularly reticulated 
nervures, which give them exactly the aspect pf *a leaf. This leafy structure pervades 



Fig. 204. — Phy Ilium Sicci folium. 


the whole animal ; the legs, especially the thighs, being always foliaccous. Some 
species aro of a bright green colour, whilst others are of the brown of dead leaves ; and 
tho natives of the countries inhabited by these curious creatures generally infprm 
Europeans that the insects arc all green at first, but that as the leaves change colour 
they change also. „ a •• 

The phasmina are found principally in warm climates, very few occurring in Europe. 
They are very slow in their movements, creeping about upon trees and shrubs, to which 
they often do considerable damage by devouring the young shoots. Some of the Stick 
inserts arc of large size, measuring at least seven or eight inches in length. 

The insects of the next tribe, the Mantina , are also principally inhabitants of hot 
climates, although a few species are common in tho south of Europe. They are at 
once distinguished by the structure of their fore-legs, which are converted into power- 
ful raptorial organs. t% The head is Attached to tho extremity of the prothorax ; the face 
is, triangular, the eyes large, and the ocelli throe in number. The prothorax is elongated, 
forming a narrow neck, which, in the ordinary position of the animal, is caxried upright. 
From the front of this segment the raptorial legs, which are very singular in their 
structure (sec Fig. 179), take their rise. They are much stouter than the other legs ; 
the coxae are very long, and are united to the still longer thighs by a small trochanter. 
The tibiae can be folded back, so as to come into close contact with the lower surface 
of the thighs, which arc furnished with a distinct groov? for their reception. Each side 
of this groove and the under side of the tibiae aro armed with numerous spines ; those of 
the tibiae being the smallest. C Carrying these formidable weapons aloft in the air, the 
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Mantides move slowly along, , and their whole attitude is so solemn thdt they are regarded 
math veneration by the inhabitants of all the countries in which they occur. In the 
eolith of Europe they* are universally known by names indicative of the belief that their 
singular attitude is one of prayer ; and according to ancient legends the Mantis has not 
always confined itself to silent devotion ; for we are told that one of these insects, on 
being desired by St. Francis Xavier tcfsyig the praises of God, immediately chanted a 
beautiful canticle. Another prevalent superstition regarding these creatures is, that if • 
they be asked the way to a place they will immediately indicate the right road by hold- 
ing one of their legs in that direction, — hence the name of gooth&HyerSi often applied 
to these insects, and the Greek word Mantis has the same signification. Unfortunately, 
however, all these amiable qualities are purely imaginary. The Mantis is one # of the 
most voracious of its class, and only assumes this solemn and devout appearance for the 
bcguilemerA of its unsuspecting victim. Slowly and cautiously it steals along by almost 
imperceptible degrees until within striking distance of its prey, when one of the fore- 
legs is instantly extended, and the stuggling victim is soon mangled the tremendous 
weapons of the destroyer. Nor are these organs employed solely in providing their 
owner with nourishment. These insects arc excessively pugnacious, and two of them 
can scarcely come together without a combat, whfch generally has a fatal termination. 
Their manoeuvres, in such cases, resemble those of two horsemen in single combat. The 
Chinese amuse themselves with the combats of^these insects, which they keep for this 
purpose in little bamboo cases. 

The Mantina are sometimes adorned with brilliant colours ; hut their general tints 
arc green and brownish gray. Some of them have a large eye-like sptot on the wings. 
Their antennae aro usually rather long and thread-shaped ; their tarsi are five-jointed ; 
and the abdomen is furnished with a pair of short articulated caudal appendages. The ! 
eggs are laid by the female in rows, each egg inclosed in a separate cell. The entire 
mass of eggs is covered with a gummy substance, which afterwards hardens, forming a 
protective case. These cases, which are often of singular forms, are usually attached 
to the twigs of trees. 

In the sixth tribo (the Blattina , or Cockroaches) all the legs are formed for running, 
as in tlie talking sticks ; but the head is more or less completely concealed beneath thh 
anterior margin of the prothorax. The antennae aro very long and bristle-like, and com- 
posed of numerous joints. The ocelli are generally absent. The wings are frequently 
wanting, sometimes in the female only, but often in both sexes*; the anterid!* wings 
or wing-cases, are of a leathery texture, traversed by numerous reticulated^voins. They 
lio flat on the body, and usually lap over each other at the apex during reposo. The 
hinder wings fold up like a fan, excepting a rather broad piece of the anterior margin, 
which lies flat. The legs are rather long, generally stout, with the tibics spiqous and 
the tarsi five-jointed. The body is usually flat, an<k somewhat ov^te, and the abdomen 
is furnished with a pair of jointed caudal appendages. 

The comyion Cockroach, or Black-beetle as it is commonly called ( Blatta orient alia. 
Fig. 205), which often swarms to such an extent in houses as to bo a complete 
nuisance, may servo as a well-known example of this tribe ; although in it the wings, 
which in many species attain at least the length and breadth of the abdomen, are 
reduced to a very small size in the males, whilst in the females they are quite rudi- 
mentary. These insects, although now so common all over Europe, are supposed to 
have been originally natives of India, and to have been^radually carried westward by 
the progress of commerce. This and another species, tne Blatta Americana , are very 
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c omniha on board Whips, where they find a plentiful nourishment amongst the mer- 
chandize ; and on shore they are usually most abundant in seaport towns. £ 

Tney are all nocturnal 
in their habits, concealing 
themselves in dark holes 
during the day, but com- 
ing out of their hiding- 
places when the lights 

B are extinguished. On the 
introduction of a light 
into the scene of their 
nocturnal prowling? they 
may bo sceii scuttling 
A away in great- disorder 

towards the nearest place 
of concealment; and from 
this habit, no doubt, the 
ancients, who were well 
Fig. 205 .— Common Cockroach, Block -boo tie (Blalta orientals) . acquainted with Cock- 

s, male ; 9. female ; A, egg»ca«e. roaches, denominated 

them lucifugce. 

The common Cockroach, and some allied species, appear to have the faculty of 
devouring everything that comes in their way, whether of an animal or vegetable 
nature ; and when they occur in great numbers, the damage they do to provisions and 
many other articles is excessive. They also usually communicate a disagreeable smell 
to objocts which they have touched, so that they often spoil more than they actually 
consume. A large species ( Malta gig anted), common in the West Indies, is there 
known by the name of the Drummer , from its curious habit of making a knocking 
noise during the night. This noise is frequently kept up all night, the insects alter- 
nately answering each other, to the great annoyance of those living in the house thus 
infested. , 9 * 

This species is also said occasionally to attack people when asleep ; and, as 
though its other habits were not sufficient to create a prejudice against it, it sometimes 
devours the extremities of the dead. 

The most remarkable circumstance, in the history of these insects, is the mode in 
which their eggs arc laid. Instead of emerging singly from the abdomdn of the female, 
they are inclosed in a horny ease (Fig. 205 A), which is often half as large as the 
abdomen ofrthe parent. W ithin this the eggs are ranged in two rows, separated by a 
partition which runs f down Jho middle of the case; each egg is also separated from its 
neighbours by a similar but smaller partition, Along one side of the case there is a 
slit, furnished with a pair of toothed plates, which fit closely together, and which ore 
further secured by the mother with a strong coating of a sort of cement, which oIbo 
serves for the attachment of the egg-case to any spot which she may select for this 
purpose* When the larv® are hatched they speedily emit a fluid from their mouths, 
which softens the cement, and enables them to escape from their temporary prison. 
As might be expected, the female has some difficulty, in getting rid of this composite 
offspring, and the insects may often be seen running about with half the egg-case pro- 
truding from the apex of the abdomen. Indeed the birth is said to occupy ftwm a week 
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to a fortnight in different species. By Dr. Leach the Blattina weto raised toAife rank < 
c ^f a distinct ordor, under the name of Dietyoptera, 

This was also the case with the next and last tribe, the Forftculina or Earwigs, 
which constitute the order Dermaptera of 
Lead), and which Mr. Westwood, who also 
regards them as forming a distinct # or^icr, 
has denominated Fuplexoptera . The latter 
name refers to the most striking charac- 
ter of these insects, viz., the structure of 
the hinder wings, which are oxceedingfy 
beautiful. In these the radiating ner- 
vures, instead of finding their common 
centre at flic base of the wing, as is the case 
in most Orthoptera , spring from the ex- 
tremity of a broad leathery piece, w^iich 
occupies about a third of the anterior 
margin. Other radiating nervures occupy 
the spaces between the principal nervures, but oifly run from the posterior margin to the 
middle of the wing ; and the whole are united by a transverse nerve, which runs parallel 
to the posterior margin. By the assistance of these nervures the wing, which is of very 
delicate texture, folds up into exactly the shape of a closed fan ; but as theNving-oascs of 
the Earwig are very short, the wings can only be got under them by a very complicated 
transverse folding in two places — namely, at the apex of the leathery basal piece, and 
at a second point about the middle of the wing, where the nervures appear to be thick- 
ened. Even then the apex of the firmer part of the wing projects beyond the elytra. 
The Forficalina are further distinguished by having the head exserted, and destitute of 
ocelli, the tarsi composed of throe joints, and the extremity of- the abdomen furnished 
with a pair of forceps, which are often of large size. 

These insects appear to live principally upon vegetable substances, and as they often 
attack the petals of flowers, they arc regarded as enemies by* the gardener. They are 
nocturnal in their habits, creeping into crevices at the ap^o^h 8f day. It is this 
instinct that prompts them to take shelter in the flower-pots and other hollow objects 
usually placed as traps amongst tho flowers which are subject to their ravages. It 
appears to be a common belief almost everywhere that the Earjyig creeps into the ears 
of persons sleeping in the open air, passes thence into the brain, and causes death. 
Ridiculous as this fancy is, it appears to have furnished the name for the Earwig in 
almost all European languages. The female usually scoops out a hollow in the earth, 
in which she lays a small mass of eggs ; these she watches over with gxcat assiduity 
until they arc hatched, wMten she continues to display tlje samg affection for the new- 
born young. 

Order VII. — Neuroptera. 

General Characters. — The order Neuroptera includes a number of insects which 
present a considerable resemblance to the Orthoptera in their general organization, but 
which may usually he distinguished at the first glance by the structure of their wings* 
These are almost always foui^in number (Fig. 208), generally equal in size, and mem- 
branous in texture, traversed in various directions by longitudinal and transverse 
nervures, which are often excessively numerous. Txfe wings are generally kept flat. 
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even dyeing repose,* although in some instances the posterior pair are folded. In the 
structure of the mouth some of them very closely resemble the preceding order ; anji 

nearly all are furbished with distinct 
mandibles and maxill®, although in 
one group these organs are very in- 

# donspicuous. The head is usually 
largo, and distinctly separated from 

-* the body ; the eyes are almost always 
of large size, and assisted by two or 
three ocelli; the antennne are either 
thread-like or bristle-shaped organs. 
I’he segments of tho thorax are dis- 
tinctly recognisable, and the division 
between the thorax and abdomen is 

• always distinct ; although tho latter is 
generally sessile, or attached to the 
last thoracic segment by its whole 
breadth. The legs are of moderate 
size, and the number of joints in the 
tarsi varies from two to five. The 

Fig. 208.— Libellula cancellata. extremity of the abdomen is never 

armed with a multi valve ovipositor. 

The metamorphosis (Fig. 187) of these insects approaches nearer completeness than 
that of the Orthoptera — the larvro and pupts generally exhibiting less resemblance to 
tho perfect insects than in that order. The amount of resemblance between the different 
stages of these insects is, however, very variable in the different groups composing 
the order ; bo much so, in fact, as to have induced some naturalists to separate them 
into two, or even three orders. We may adopt these as our primary divisions or sub- 
orders. 

Divisions. — In one* of them, forming the Dictyotoptera of Burmeister, the insects 
aro- active and vofaciquspn all their stages ; and although the appearance of the? larva? 
and pupae rarely c resembles that of the perfect insec t very closely, yet this similarity is 
greater than in the other two sub-orders. In these the metamorphosis is much more 
complete. «The pupa always presents a much closer resemblance to the perfect insect 
than the larva ; and the intertnediate stage of development is passed in a quiescent state, 
although the pupa acquires the power of motion a little before its emergence in the 
perfect form. In the Planipennia the wings are flat, membranous, generally equal 
in size, and raked ; and the organs of the mouth are usually well developed ; whilst 
in the Trichoptera the finder ^vings are larger than the anterior pair, and folded in 
repose. The whole of the wings are more or less clothed with minute hairs ; and the 
mouth is of very weak construction, and evidently incapable of biting. 

Sub-Obdeb I. — Dictyotoptkba. 

Divisions. — Of tho Dictyotoptera some are aquatic in their habits in the larva 
state, whilst others are always aerial. Of the latter, which make the nearest approach 
to the Orthoptera, the Termitidce, or White Ants, are ,the most important. These 
insects iiye in vast communities, principally in the hotter regions of the earth, where 
they do incredible damage by devouring everything that comes in their way* Even 
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wood is incapable of resisting their ravages ; for they will gnaw#away the interior of 
beams and articles of furniture, leaving a thin shell to conceal their operations, so that 
the mischief is not discovered, until, from its weakness, the object folk to pieces on 
being touched. 

Considerable uncertainty still 
appears to exist as to the real 
constitution of the societies of 
these insects. According to Lat- 

reille they consist of five classes ... 

of individuals. Of these, two are 
undoubtedly moles end females, 

size, from the immense number of 

eggs contained, which are so nu- Tie ' 209 - Qu T m th0 wincfcd 8tato * aDd fl,led with ***"• 
merous that it is said as many as * 

eighty thousand are sometimes laid by one fcfhale in the course of twenty-four hours. 

The great bulk of the community is composed of apterous indi- 
Q viduals, supposed to be larv®, which closely resemble the winged 

Vfil/ 4 insects, but are destitute of eyes and ocelli. These are the workers, 

wLMJ and upon them all the labour of the community devolves. Other 

apterous individuals, apparently pupae, resemble the workers, hut 
/ \ havo four tubercular wing-cases on the thorax ; whilst others, dis- 

A » tinguished by the large size of their jaws (Fig. 210), and which 

Fifc> A nV Soldier T ^ te a PP ear to neuters, arc called Sobers; their office, apparently, 
being the defence of the community against the assaults of enemies. 
Tho habitations raised by theso diminutive creatures are amoAgst the most surprising 
of insccfr edifices. They aro * 

but the most uaual shape is an . 

irregular cone. These nests ore Fl* Jli^-Nwto of white Ants, 

frequently as much as ten or 5 , Tormea fatalia ; 6, Termes atrox. 

twelve feet in . height, built of v 

earthy particles, which the workers masticate, and then apply to this purpose. It 
speedily dries, and becomes very hard. The nest is divided internally into numerous 
cham ber^ and galleries (Fig. 212), in one of which th<* impregnated female or queen is 




Fig. 211.— Nests of White Ants. 

5, Tonnes fatalis; 6, Termes atrox. 



t 


WHITE, ANTS. 


, 364 

imprisoned, waited a upon obsequiously by a numerous train of attendants, whoso 

apartments are in the immediate 
vicinity of the r<?yal chamber. These 
attendants carry off the eggs, as soon 
as laid, into separate chambers or 
, ^nurseries, whore the young produced 
from them are tended with the 
• greatest care by the workers. The 
interior of the nest forms a largo 
dome, with thick wall, within which 
t thoro aro usually two or three roofs ; 
the walls aro perforated by passages 
leading from the bottom of the nest 
to the magazines and nurseries 
Figr. 2)2. — Sectiojt of Nest of Termes fatt lis. * placed in its sides, which also fre- 

a, royal chamber ; ft, apartments of royal attendants ; q ue ntly communicate with the 
c, nurseries and magazines ; d, lower roof ; e, upper 1 „ , ,, , 

roof; /, bridges ; g , dome of net* ; hh, walls of dome, ground floor by small earthen 
penetrated by passages ii; k t underground passage, -bridges. Other species, although 

differing in details, follow the same general principles in the construction of their 
nests. 

The antenneo of the Termitidm arc thread-shaped, and composed of about twenty 
joints ; the eyes are rather small, hut prominent, and the ocelli two in number. The 
structure of the •mouth presents a close resemblance to that of the Orthoptcra . The 
thoracic segments are distinct, the wings large, equal in size, membranous, and tra- 
versed by numerous branched nervures, and the legs aic short, and furnished with four- 
jointed tarsi. The abdomen is furnished with a pair of minute caudal appendages. 
Only two or three species of these insects are found in Europe ; and nltlnfhgh these 
can make no pretensions to rival their tropical brethren in destructiveness, yet the 
ravages of one species have produced considerable consternation of late years in the 
city of Rochelle, in France. 

• Nearly allied \o tkesp aro the Psocidce , a family of minute insects, distinguished by 
having their labial palpi very minute, their tarsi composed of two or 
three joints, and the hind wings smaller than the anterior pair. 

Sevoral species of insects belonging to this family are common in 
this country, and one species, the Atropos pulsatorius (Fig. 213), 
which appears never to acquire wings, is often met with in abundance 
in badly kept collections of insects, dried plants, &c., to which it is 
very injurious. The name of pulsatorius, given to this insect, refers 
to its power of producing a sqund like the ticking of a watch, whence F . 2lg o# 

it has often been denominated the death-watch, Tho generic name puisatoriuT° 8 
Atropos'alm hints at this popular superstition. < 

The remainder of the Lictyotoptera pass through their preparatory states in the 
water ; and it- is not until the perfect insect is about to emerge from the skin of the 
pupa that the latter leaves its native element. It then creeps out of the water, cither 
on to the stones on the brink, or up the stems and leaves of aquatic plants; and from 
this position the imago is able to spring at once into. the air, without any danger of 
being drowned in its native element. 

V In the Perlidce, which approach most closely in their structure to the preceding 
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families, the antennas are filiform, as in those insects/ hut the posterior wings^are con * 
siderably larger than the anterior, beneath which they are folded in repose, and the 
Abdomen is furnished with a pair of rather long, jointed caudal appendages, which are 
also present in tho larva. The tarsi are composed of three joints ; the organs of tho 
mouth aro of a softish texture, the mandibles usually rudimentary, and the palpi both 
of the maxillso and labium well dcvfloped. 

The larva closely resembles tho perfect insect, and is found in plenty in lakes, ponds? 
and rivers, on the borders of which the insects themselves may also be met with in 
abundance. The well-known Stone- fly of the angler, whyih is Said to be an excellent 
bait for Trout, is a species of this family {Terla bicaudata). They aro carnivorous 
insects, but sluggish in their movements. The respiration of the larva is effected by 
means of gill#attached either to the thorax or to the abdomen, the form of which varies 
greatly id different species. In one genus ( Pteronarcys ) which inhabits North America, 
these branchial organs are persistent in the perfect state. 

This sub-order includes two otliSr groui* 3 , distinguished frorp Jho preceding, and 
indeed from all the other Neuroptera } by their small awl-shaped antennae. They form 
. the section Subulicornes of Latreille. The Ephcmeridce are distinguished by the small size 
of their hinder wings, the rudimentary conditio* of the organs of the mouth, and the 
long jointed bristles with which the tail is furnished. *Lhe antennae are composed of 
only three joints ; the eyes are usually large, and the ocelli three in number. These 
insects aro well-known to the angler as May-flies. They aro also called Day-flies, from 
the shortness of their ex- 
istence in the perfect . 
state ; and tho generic 
name of the typical group 
also refers to their e})hc- 
nicrul life. Their trans- 
formations have already 
been figured (page 342). 

Both larvm and pupse pro- Fi *- 214.-May.fly (Ephemera). 

sent a considerable resemblance to the perfect insect ; but thc*cntire ^period of tho pre- 
paratory stages is passed in the water, and* the insects arc then furnished with a row 
of very curious gill -lain i me along each side of the abdomen. During this period the 
larva) and pup® make themselves little burrows in the sides oj the pond dt stream in 
which they live, and these burrows have two openings ; so that if the ^insect enters by 
one it can pass out by tho other without the necessity of turning round in its narrow 
domicile. The caudal filaments arc present in the larva, but much shorter than in the 
imago. On arriving at maturity the pup® come out of the water, whfcnjhe perfect 
insect omerges from its case, and takes to flight. • It is stjll, however, inclosed in a very 
delicate pellicle, to get rid of which it soon attaches itself by its claws to any object that ‘ 
may be afr hand, and after a few struggles leaves this encumbrance behind it, and flies 
away. After this last change the insect exhibits its brightest colours, and the tails 
grow to twice their previous length. The emergence of those insects from the water 
appears always to take place in th<^cvcning ; and as the whole of the Ephemera in a - 
river appear to arrive at maturity at the same period, they generally moke their 
appearance in such countless arms, for two or three evenings, that the effect produced 
by one species with white wings has been compared t£ a heavy fall of snow. By tho next 
morning the majority of those insects are found lyihg dead upon the shore in hea ps. 




1 368 


DRAGON IlIES. 

The occurrence of tfiese swarms of May-flies has been observed in different parts of 
Europe, in Holland, France, and Switzerland ; and it appears that £he species found in 
each of these localities is distinct from the rest. In Switzerland, indeed, the swarms 
of two species are on record, one inhabiting the Lake of Geneva, and the other the 
Rhine near Basle. Our common species, the Ephemera vulgata (Fig. 214), also occurs 
in profusion for a few days in the rivers frequented by it, but not by any means to the 
same extent as the continental species just referred to. This and several other sppeies 
of the family are favourite baits for Trout. 

The LibellulidcB (Fig. 2 OB) are characterized by their four lurgo, nearly equal, reti- 
culated .wings, by the powerful structure of their mouths, and the shortness of the caudal 
appendages, which moreover are not jointed. The antennae are composed of from five 
to eight joints ; the eyes are very large, generally meeting on the top of the head, w£ich 
also bears three ocelli. r 

These arc exceedingly elegant but voracious insects, which may be seen in fine 
summer weather haVking about over the surface of ponds and rivers in scorch of insect 
prey. They are well known in this country as Dragon-flies ; the French call them 
“'Demoiselles,” probably in allusion tQ the elegance ef their forms and the grace of 
their movements. The vulgar English name of Horse-stingers is peculiarly inappro- 
priate, as these insects possess no means of annoying either horses or any other of the 
larger animals. 

The larvae and pup® of the Libellulidce inhabit tho water, from which the pupa 
emerges when the perfect insect is ready to commence its aerial existence. The empty 
pupa skin may often be seen attached to aquatic plants. Tho structure of the lower 



Fig. 215. — A, the pupa with its mas* ; B, the same with the mask closed, and discharging a current 

of water from the anus. 

lip, in tho preparatory states of these insects, is very singular ; it has been denominated 
a mask by many authors. It consists of two principal pieces (Fig. 215), one of which 
is articulated to the head, whilst the second is attached to itB extremity. At the apex 
of this second piece two jaw-like organs are articulated.” In repose this lip is folded 
beneath the head, but can be imnp&liatcly extended to a considerable distance in front 
of the head, so as to seize any minute insects or small fishes that may pass before the 
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creature, which is very sluggish in its mo moments. .The respiration of the harv® of 
some of these insects is not effected by external bronchi®, but by the entrance of the 
Voter into the cavity of the body, where it * 

comes in contact with the tracheae, which 

deprive it of the air dissolved in it ; it is then fiftf 

forcibly expelled through the opening by 

which it entered (Fig. 215). The resistance «^Oy 5 

offered to the expulsion of this water also / \ 

enables the larva to progress slowly . In some 
of the smaller species the larva is furnished 

with three narrow elongated caudal plates. 216.— Calepteryx virgo. ’ 

One of thd most beautiful species in- . 

habiting this country is the Calepteryx virgo (Fig. 216), which is not uncommon on the 
sides of rivers. It is of a deep steel-blue colour, and the wings have a large dark 
patch near the apex. Some exotic species allied to this have the phdpmen at least six 
inches long. 


SUB-OHDER II. — PLANIPENNTA. 

In this sub-order the wings are always nearly equal iA size, reticulated, and gene- 
rally laid flat upon the back when at rest, tho posterior pair never folded. The labium is 
usually notched at the apex, but never deeply cleft, as in the preceding group. The 
antennae are generally long, and either filiform or gradually tapering to the tip. The 
pupa is quiescent. * 

Divisions. — In one family, tho Sialidtv, the larva is aquatic in its habits, and 
tho perfect insect is always found in the neighbourhood of water. When mature tho 
larva quits the water, and forms a cavity in the bank, where it passes the pupa stage. 
Theso insects are distinguished by tho large size of. the prothorax, which is nearly 
square. 

The remaining families pass tho whole of their lives in the air. Of these, one species, 
the curious Myrmeleontidee , or Ant- 
lions, are* distinguished by their 
clavatc antennae, which aye usually 
short ; although in one genus these 
organs are elongated, and knobbed 
at the extremity, in the same 
way as those of Butterflies. 

Tho ocelli arc wanting ; the 


Kg. 217.— Myrmeleo. 


Kg. 218.— Pitfall of the Ant-lion. 


laWal palpi are very long, and the wiiigs are large and finely reticulated, and during 
repose lie in a roof-like form upon the sides of the body (Fig. 217). Some of these 
insects, which are all exotic, ax% remarkable from the habits of their larv®, — small, 
s luggish, oval creatures, furnished with a most formidable pair of jaws. These curious 
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little c*F3aturcs cxcarate conical pits in the sandy places which they inhabit (Fig. 218) 
at the bottom of which they conceal themselves entirely, with the exception of the 
head and powcr$il jaws. Here they wait patiently until some frying ant or other 
insect unwarily strays into their domain, when the unfortunate intruder generally 
slips to the bottom of the pit, and is soon destroyed by tho merciless jaws of the Ant- 
lion ; but if tho victim shows any intention of ftiaking his escape, a shower of sand 
•■thrown up by the latter soon arrests his progress, and generally brings him down to 
the fangs of the destroyer.* It is entirely by sucking the juices of its victims that this 
voracious littlo crcpture exists ; and when these are exhausted, the carcase is imme- 
diately thrown out of the pit by a sudden ‘jerk of the jaws. The larvse of other 
species Appear to prowl about upon and under the surface of the ground without making 
pitfalls. 

Tho Hemerobiidec, which are closely allied to tho preceding insects, are w generally 
beautiful and delicate insects, with .soft bodies, large, delicate, and finely reticulated 
wings, and long filiform an term 00 . TJ» ey posslss no ocelli ; but the eyes arc large, 
prominent, and usually of a beautiful golden colour. The larvae of these insects — of 
which several species are found in this country — are amongst the greatest enemies of* 
the Aphides, which they suck by mca is of their curiously-constructed jaws. Tho eggs 
arc laid in little bunches upo?i leaves, each egg being supported at the extremity of a 
long footstalk, which gives them a most singular appearance. Many of them are 
elegant creatures. They fiy generally in the evening, and most of them emit a most 
disagreeable odour on being disturbed or touched. The pupa is inclosed in a cocoon. 

The Tanorpid & are characterised by the form of the head, which is prolonged below 
into a sort of rostrum, at the extremity of which the 
mouth is situated. They have long slender antennae 
and three ocelli, and the extremity of the abdomen is 
often furnished with a curious forccps-liko appendage, 
whence tho commonest English species has obtained the 
name of the Scorpion-fly (Fig. 219). These insects are 
found commonly about hedges in damp situations ; but 
littlo is known of their habits. 

The two last families are distinguished from tho 
preceding by tho great length of the prothorax, which forms 
a slender neck, from which circumstance tho few British 
species are denominated snake-Jiies , In the Jtaphidiidce the .foro-logs aro formed for 
walking, the bead bears three ocelli, and the antennae are long and slender ; the abdomen 
of the female is furnished with a long ovipositor. The larvro are said to live under the 
bark of trees ; and the insects are generally found in woods. This family includes 
several British species; but none of t the next family, the Maniispida, occur in Britain. 
These curious little iiisects are furnished with long raptorial foro-legs exactly like those 
of the Orthopterous Mantidce, near which they have indeed been sometime^ arranged. 
They have no ocelli, their antennae are short, and the female has no ovipositor. They 
resemble the Itaphidiidce in their habits ; and both families — especially the second — are 
apparently very predaceous, 

SuB-o&bEK III. — Txuchoftsba. 

The sub-order Trichopiora, including only the largo* tribe or family of Phryganeida, 
exhibits the most complete metamorphosis of any of the Neuroptera. The lams 
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Fig. 219. — Scorpion-fly. 
(Panorpu). 
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which arc aquatic, in fact present almost as little resemblance to thrj imago as those of 
some mctabolous insects. They are long, softish grubs, furnished with six feet, and with 
a Aoray head armed frith jaws, generally fitted for biting vegetable matters, although 
some appear to be carnivorous. To pro- 
tect their soft bodies, which constitute a 
very favourite food with fishes, these larfao 
always inclose themselves in cases formcJ 
of various materials ; bits of straw and 
sticks, pebbles, and even small shells, 
being commonly employed in this manner. 

The materials of those curious cases are 
unitc4 by means of fine silken threaSs, 
spun like those of the Caterpillars of 
the Lcpidoptera , from a spinneret situated 
on tlie labium. In increasing the size of 
its case to suit its growth, the larva is 
said to add only to the anterior end, cut- 
ting off a portion of tlie opposite ex- 
tremity. When in motion, the larva 
pushes its head and the three thoracic 
segments, which are of a harder eonsistence than the rest of the body, out of its case 
(Fig. 220) ; and as the latter is but little, if at all, heavier than the water, the creature 
can readily drag it along behind it, thus keeping its abdomen always sheltered. 

It adheres stoutly to the inside of its dwelling by means of a pair of articulated r 
caudal appendages, generally assisted by three tubercles on the first abdominal 
segment. 

Before passing to the pupa state, the larva fixes liis case to some object in the water, 
and then closes up the two extremities with a silken grating, through which the water 
necessary for the respiration of the pupa can easily pass. The pupa is furnished with a 
large pair of hooked jaws, by means of which, when about to assume the perfect state, 
it bites thijpugh the grating of its prison, and thus sots itself free ir\ tin? water. In this 
form the pupoc of some species swim freely through the water by mearyj of their long 
hind legs, also creeping upon the other four limbs ; these frequently rise to the surface 
of tho water, and there undergo their final change, using their dc|erted skin a sort of 
raft from which to rise into tlie air, whilst others generally creep up the stems of 
aquatic plants for the same purpose. • 

The perfect insects (Phryganea grandis. Fig. 220) have four wings, with branched 
nervures, of which tho anterior pair are clothed with hairs ; the posterior a$e folded in 
repose. Tho organs of the mouth, except tho palpi, are rudimentary, and apparently 
quite unfit for use. Tke head is furnished with a pair of*large eye% .and with three 
ocelli, 4nd £he antennae ore generally very long. Some species are bo exactly like 
Moths, that they have often been supposed to belong to tke Lepidopterous order; and, 
in fact, these insects may bo considered to form a connecting link between the 
Nmroptera and the Lepidoptera . The females have been observed to descend to the 
depth of a foot or more in water, in order to deposit their eggs. 

Many species of these insepts are found in Britain. Tho larvae are well known to 
anglers under the names of Caddis- worms and Straw- worms. They arc said to be excel- 
lent baits., * 
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Sub-glass III. — Metabola. 

r. 

In this sub-class the metamorphosis is what is termed complete , the larva, pupa, and 
imago being generally very distinct in appearance. The larva is either a maggot, grub, 
or caterpillar, and the pupa is quiescent, and inclosed in a skin or case. 

Obdeb VIII. — Aphanipteba. 

This little order, which only includes the Fleas, of which one species, at any rate, 
is probably even tbo we? I known to many of our readers, presents an exceedingly 
remarkable structure, which has been a frequent source of perplexity to systematists. 
By many recent authors these insects have been arranged with the IHptera ; but they 
differ from these so essentially in many of their characters that wo hav3 preferred 
retaining them as a separate and independent order. 

The external covering of the Flea is a horny case, formed of very distinct segments 
(Fig 221) ; there* of the thorax being always disunited. Although apparently apterous, 




Fif?. 221. — Flea (Fulex irritans). 

A, mouth ; x 9 supposed labrum ; md, mandibles ; mx 9 maxilla? ; mp 9 maxillary palpi ; 

Ip, lubial palpi. 

the Flea has the rudiments of four wings, in the form of horny plates, on the sides of 
the rneso- and mctathoiaeic segments ; the hinder pair of plates is the largest. The 
mouth, which, as is well known, is eminently suctorial, is of a very curious construction 
(Fig. 221 A), and the oral organs are so singularly formed, that their homologies have 
frequently puzzled entomologists. They consist of a pair of sword-shaped, finely 
serrated mandibles, which, with a sharp, needlc-liko organ (supposed to represent the 
labrum), appear to constitute the formidable offensive weapon with which the Fleas 
pierce the skill of their victims. These arc sheathed by the three-jointed labial palpi. 
The labium and maxillae are very small ; but the maxillary palpi are long, and composed 
of four joints, and stand out from the head in such a manner as to have been generally 
mistaken^ for the antenneo. The latter organs are of minute size, and are generally 
concealed beneath a valve-like plate, on the sides of the head behind the eyes, although 
some species occasionally carry them exsertdi. The legs are strong, the .kinder pair 
especially, by means of which these active little creatures execute their surprising 
leaps. 

The larva of the Flea is a long, footless grub, furnished with a distinct horny 
head. They are hatched from eggs laid by the female, generally in the neigh- 
bourhood of animal matter. The eggs of the common species are usually laid in 
the cracks of floore and similar places. The larvee are active, and when they attach 
themselves to dogs or other alum ala, they twist about freely amongst the halm or 
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feathers, feeding upon minute particles of animal matter. In about twelve days the 
larvso are full grown. They then inclose themselves in a little silky cocoon, and pass to 
tho pupa Btato. In ttis condition the insect is quiescent, inclosed in a skin which fits 
over all parts of the body. The perfect insect emerges in about a fortnight. Most of 
the species of Fleas, or Fulicidat, are parasitic upon particular animals,— one of the 
largest being found upon tho Mole. # 

A minute species, inhabiting the West Indies and South America, the Chigoe or 
Jigger ( Fulex penetrans), is remarkable for the habit possessed by tho female of 
inserting herself beneath the skin of the foot, generally lyider the nails. In this 
situation her abdomen swells to about the size of a small pea, in consequence of the 
development of eggs in the ovaries, occasioning great pain and irritation of the* part, 
and if* not (vttrdfcted in time the eggs are said to bo hatched within the wound, pro- 
ducing extensive ulceration, and sometimes even causing death. Tho feet of dogs are 
also attacked by this pest ; and it is said that tho imfortunate creatures may often be 
seen rolling about and nibbling their toe;? in a sttfo of the greatest ag^ny. 

Order IX. — Dipteba. 

• • 

General C har acters. — The order Dip ter a, as its nam$ implies, is characterized 
by the possession of only a single pair of wings.* These arc attached to the mesotho- 
racic segment ; and the metathorax, instead of wings, bears a pair of small clubbed 
organs {halteres, Fig. 181), which appear to bo the representatives of tho posterior 
wings. Some entomologists, indeed, deny them this character, which tjiey ascribe to a 
pair of small m embranous organs, the alulets , attached to the base of the true w ings ; 
hut this opinion appears to be founded in error. The haltcrcs appear to be the most 
characteristic organs of the order, as they are present in those dipterous insects whose 
wings are wanting. ’ The segments of the thorax arc generally fused into a mass, their 
limits being indicated externally by more or less distinct furrows. The prothorax is 
always very $pioll. 

The head is generally of considerable size, and furnished witfr a pair of large com- 
pound eyes* which often occupy nearly its entire surface. It is usually attached to tho # 
thorax by a narrow neck, and tho crown bears two or three ocelli. The structure of 
the mouth has already been described (p. 334, Fig. 17G). The antenna) are always 
placed on the front of the head between the eyes. Their form is very varial%. The 
legs are well developed, sometimes very long. Tho tarsi are confposed of five joints, 
terminated by a pair of claws, and furnished with two or three soft pu*villi, by the 
assistance) of which these creatures are enabled to walk with ease upon tho smoothest 
surfaces, even in a perpendicular or reversed position. 

The abdominal rings are distinct, and usually of a firmor texture than merest of 
tho body; some of the apical segments in the females ate oftefri converted into a 
telcscope-iikfl ovipositor. Tho stomach is furnished with a small sucking stomach, 
which communicates with it by a very slender tube. At the base of the abdomen are 
two air bladders, often of considerable size; the position of which is sometimes indi- 
cated by the semi-transparent appearance of that part of the body. 

The larva) of the Diptera are footless grubs or maggots, sometimes destitute of a 
distinct head. The stigmata ar^ usually only two in number, and placed at the pos- 
terior extremity of the body. In some cases the larva, on reaching maturity, casts its 
skin, and changes to a free quiescent pupa ; whilst in m!ny species this transformation 
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takes }flaco withinfthe skin of tho larva, which then hardens, and forms a case for the 
protection of the sleeping inmate. This constitutes what is termed a coarctate pupa. 

Divisions. — The enormous number of species included in this, which is certainly 
one of the largest, if not the largest, of the orders of insects, has ‘given rise to a cor- 
responding multiplicity of families and other minor groups. In the following pages we 
shall refer, as briefly as possible, to the principal of these. 

The order is divided into three sub-orders. The first consists of parasitic and 
often wingless insects, whfch havo the head usually immersed in tho thorax, and the 

claws denticulated. These are 
- ' called Tupipara, from the singular 

r , circumstance that the larvae arc 
fl nourished within ^hc body ©f the 

sJjfc H C mother, and not excluded until 

A \/L [Tl - they have attained the pupa state. 

/7 n r r Of the other two sub-orders, 

X/T B which are generally oviparous, 

/Sr V ] although a few bring forth living 

(r % ° larvae, one, the Brachyccra y isdis- 

Fig:. 222. — Antemfio of I)ipt.cra. c tinguislicd by having the antennoe 

A, Tipula ; 15, Tabunus ; C, Musca. short, and composed, apparently, 

only of three joints, with the 
last joint generally furnished with a bristle (Fig. 222 C) ; whilst in the Nemocera , 
forming tho third sub-order, the antennas (Fig. 222 A) are always composed 
of more than six joints, filiform, and usually feathered. In the Brachycera , 
the palj)i also consist of only one or two joints ; whilst in the J^cmocera, these 
organs arc composed of four or five articulations. 


Fig:. 222. — Antemftc of I)iptera. c 
A, Tipula ; 15, Tabanus ; C, Musca. 


Suu-OIIDEII, I. — PlJPirARA. 

General Characters. — In addition to tho characters already given* those insects 
differ from the filler Dip ter a in the structure of the mouth, which is so singular that 
the analogies of it3 constituent parts are still doubtful. The lower part ol* the head is 
covered by a fnembranous plate, jH'rforated by a minute orifice in front, where it is also 
furnished with a pair of minute coriaceous lobes, which have been regarded as modified 
palpi. Within this £v. a fleshy bent organ, terminated by a bristle-like sucker composed 
of three separate bristles : this can be pushed out of the aperture in the first-mentioned 
plate by the extension of their fleshy base, which is probably the labium, and in this 
manner they arc employed in piercing the skin of the animals on which these insects 
arc parasitic. Some of them are furnished with wings, whilst others are destitute of 
those organs. Thcin bodies- and limbs i|re generally covered with bristles. The abdomen 
presents no indications of segments ; so that in their appearance the apterous species 
often closely resemble spiders, from which circumstance tho French call them “ mouches 
araignees,” or spider flies. 

Divisions. — They form two families, tho Hippoboscida , or Forest-flies, in which 
the last joint of the tarsi is longest, and the Kycteribiida:^ or Bat-lico, in which the basal 
joint of those organs is longer than all the rest put together. In their habits both 
those families are very similar, living amongst the hairs and feathers of beasts and 
birds, whore they run about w£th great agility, often progressing sideways. They live 
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by sucking the blood of their victims. Young birds appear to be e^ecially the objects 
oj their attacks, and pro frequently driven completely to distraction by their tormentors. 
The species of Hippoboscidac live upon different mammals and birds ; the Hippobosca 
equina , or Forest-fly, is very troublesome to horses ; and the Mclophagus ovinias, which 
is apterous, is well known as the Sh^cp-tick. The Nycteribiidcc confine their attacks 
to bats. 

Sub-order II. — Brachycera. 

General Characters. — In the Brachycera the antenjise are always short, com- 
posed apparently of only three joints, th<f last joint being sometimes articulated at its 
extremity (Fig. 222 B), sometimes entire, and generally furnished with a long, sometimes 
join tied, bristle. The palpi consists o£ one or two joints ; tho body is generally broad, 
and tho hdhd usually as wide as the thorax. 

Divisions. — As this sub-order includes by far the greater portion of tho almost 
innumerable hosts of Dipterous insect*, the number of families ajic^ sub-families of 
which it is composed is, as might be expected, exceedingly great. They may, however, 
be divided into seven principal groups (families or tribes), and to these wo must con- 
fine our attention. • • 

In the Oestridas, tho proboscis is usually imperceptible, or, when present, 
very small ; the antennas are very short, and # tho last joint is furnished with a long 
bristle ; the alulets are large, and entirely conceal the haltcres. Although most of 
these insects, from tho obsolete nature of their mouths, arc probably incapable of 
taking nourishment when in their perfect state, they 
are nevertheless to bo regarded amongst the greatest 
pests to cattle in their larva state. During this period 
of their existence they arc all parasitic upon different 
species of herbivorous Mammalia , some of th cm living 
in the skin, and others in tho internal cavities of 
their hosts. Of the former, the best known is the 
Oestrus bovis , the larvae of which reside in the large 
tumours ®n the backs of cattle, known to tho farmer 
under the names of wornils and tvorbles. Of tho inter- 
nal parasites, 6omc (such as the Cephalemyia Ovis ) live 
in the frontal sinuses of sheep and deer, tho parent 
laying her eggs in tho nostrils, whence the young larva creep! up into its destined 
abode ; whilst others, of which the Gasterophilus cqui (Fig. 223) is an example, inhabit 
the intestines of their victims. The eggs of tho latter species arc laid upon the skin 
of the horse in such positions as are easily reached with his tongue, so that in licking 
himself he is instrumental in conveying his foeg into his intestines. Tho internal 
larvae are furnished with rings of bristles to enable them to retain their position; 
but they #11 quit their abode when mature, and undergo their last transformations in 
the earth, or in dung. The pupa is inclosed in the dried larva-skin. 

Tho two next families arc distinguished by having only two bristles in the proboscis. 
The* Muscidce are further characterised by having the proboscis membranous and com- 
pletely retractile, terminated by two largo lobes (Fig. 224) ; the antenna) are short, 
three-jointed, with a long and often pilose bristle attached to the third joint. This 
family includes an enormous number of species, presenting an almost infinite variety 
of habit.* An excellent example (the common Fly, Mv&ca domestica) occurs during tho 
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Gasterophilus equi, and larva. 



TWO -WING E I> FLI E S. 


i ft74 

summtJr in even tocf- great abundance in our houses ; and many others, almost equally 
common, may bo met with at all seasons of the year. In the larva condition, some of 
them, inclu ding the common Fly, live in dung ; others, suoh as tho common Flesh Fly 
(8a rcophaqa camarta) feed upon animal substances. Some of these, of which the common 
Cheese-hopper ( Piophila casei. Fig. 225) is an example, possess a considerable power of 
leaping ; their springs being effected by bending, tbc body into a hoop, and then suddenly 
* straightening it. Many of these larvae, which feed upon animal substances in a state of 
decomposition, must be included amongst our greatest benefactors, as by removing, in a 
short space of time, •matter which, if left, would corrupt and fill the atmosphere with 
noxious vapoura, they prevent all the ill effects which those effluvia are known to pro- 
duce upon animal life. So rapidly do they perform this business, that Linmeus calcu- 
lated that tho progeny of three Flesh Flies would devour the carcase of a hqrse almost 
as quickly as a lion ; and although there may be a little exaggeration in this statement, 



Fig. 224. — Heart of Musca. 

Fig. 225. — Cheese-hopper (Piophila casei). 1, Larva preparing to spring ; 2 , natural size of larva ; 
8, 4, Fly, natural size and magnified. 


it is perhaps not very far from tlie truth. The larvae of a great number of minute 
species are parasitic upoh other insects ; whilst those of many others feed upon plants, 
often causing grdat tjai^age to various crops. Some of those which infest the leaves of 
plants form iniyutc galleries or mincB between tho two membranes of the leaf by eating 
away the parenchyma. 

The larvre are soft footless grubs, frequently destitute of any distinct head, and 
generally of an elongated conical form, having the mouth, which is furnished with two 
retractile hoolds, at the smaller extremity, and the single pair of stigmata at the lajger. 
They are generally produced from eggs laid by the parent in the midst of the substances 
suited for their nourishment ; but in some cases — as, for instance, in the Flesh-fly — 
tho eggs are hatched within ^tho body of the mother, and the insects make their first 
appearance in the larva form. Tho pupa is inclosed within tho skin of the larva. 

Tho habits of the perfect insects are as dissimilar as those of the larvsfe. A great 
number inhabit flowers ; others appear to feed upon almost every description of animal 
and vegetable matter; whilst some, such as the 6 Uomoxys, attack man, and other 
animals, to suck their blood. They are generally dingy in their appearance, although 
somo.are adorned with brilliant colours. They exhibit a great variety of form. The 
most remarkable, perhaps, is that presented by the exotiq genus Diopsis , in which tho 
eyes ore placed at tho extremity gf long stalks, with the antennas close beside them. 

The Conopida are distinguished by having the proboscis long, elbowed, and always 
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exserted, with the palpi minute, and the antenna furnished with a fhort bristle^ which 
is frequently placed at the apex of the last joint. Most of these insects are elegantly 
v&riogated in their colours (Fig. 181). They may be found in great abundance during 
the summer, hovering upon their powerful wings over flowers in gardens and elsewhere. 
The" larvae are said to be parasitic in the interior of various species of* Humble 
Bees. 

In the three following families, or rather tribes— »the JBrachystoma , the Notacantha , • 
and the Tanystoma — the proboscis usually contains either three or four bristles. In the 
Brachy&toma the proboscis is very short and membranous, with the* lip generally large, 
fleshy, and bilobed. The bristles are usually four in number ; one group has only threo 
of these organs. The antennas consist of three joints, of which the last has 9 a long 
bristle springing from its back. The*abdomcn of the male is usually bent round at the 
apex, and furnished with copulative appendages. 

They are generally large flies, adorned with brilliant colours, which for the most 
part haunt flowers, living upon honey. *A few, Jiowcver, are predaceous in their habits. 
The larvae are very various in their forms, and differ greatly in their mode of life. 
Many live in Hie earth ; others in dung ; whilst others arc found upon plants amongst 
colonies of Aphides , which they destroy in great numbers, sucking their juices by 
means of a three-pointed spine. 

The larv® of the genus Volucella live parasitically in tho nests of wasps and hornets, 
Those of the genus Eristalis , which inhabit dirty water and other foul liquids, arc 
furnished with a singular telescopic tail, which they put to the surfaco of the water, 
and thus breathe, whilst all the rest of their bodies is immersed. This group is sub- 
divided into four subordinate groups (families or sub-families), — the Bolichopid ce, the 
Syrphidatj the TJierevida , and tho Leptida . 

In the Kotacantha tho apparent 
last joint of the antennae is composed 
of several articulations, which, how- 
ever, are generally more or less amal- 
gamated into an elongated mass, with 
the bristle, when present, springing 
from its apex. The back of the thorax 
is generally spined. The proboscis is 
short, and contains four bristles. Tho 
tarsi are furnished with three pulvilli. 

These insects are also frequently bril- 
liantly coloured. They generally fre- 
quent flowers. Tho larvae live in 
various situations; in the earth, in 
rotten wood, in dung, and in water. 

The latter is tho habitation of tho larv© of the typical genus Stratiomys (Fig. 226). 
They breathe, like tho other aquatic Dipterous larv©, through tho tail, which is 
furnished with a circle of bristles to keep the water from rushing into tho stigmata 
when these are applied to the surface. The pupa is inclosed in the larva skin. 

The Tany stoma are generally distinguished by the great eomparativelength of their 
proboscis, which is often excessively long (Fig. 227), and rarely terminates in a very 
fleshy lip. The bristles are cither four or six in nujhber. The antenn© consist of 
three j oints, usually terminated by a bristle. The transformations of these insects are 
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also different fromfthose of the preceding groups. The larva-skin is always cast, on 
assuming the pupa state. The larvae generally reside in the earth. f 



It is in the Bombyliidi | that the proboscis attains its greatest dimensions (see 
Fig. 227); these are generally hairy, bet-like flics, which suck their nourishment from 
flowers whilst hovering over them. In the Anthracidcc , the proboscis is short ; and in 

the Acroccridw , the organs of the mouth are 
sometimes entirely wanting. The Empida, the 
J lybotidce, the Anilides, and the Mydasidee , are 
all predaceous in their habits, as are also the 
Tabanidce , the well-known Gadflies, or Breeze - 
flies , so troublesome to cattle and even to man, 
which are distinguished from the other Brachy- 
cera by the possession of six bristles in the 
mouth. In the Tabani , the last joint of the 
an term® exhibits an articulated extremity 
(Fig. 223). They are amongst the largest 
of Dipterous insects; and their rapacity tuM power of annoying their unfortunate 
victims a^p proportionally great. 

Sub-obdeh, III. — Nemoceka. 

General Characters. — The Nemocera are distinguished from all the other JDiptera 
by the structure of their antennae (Fig. 222 A), which are always rather long, thread-like, 
or formed of bead-like joints^ The pjdpi are also long, composod of at least four or five 
joints ; and both the palpi and antennae are frequently plumose. The body is long and 
slender, and the legs often of extraordinary length. t 

Divisions. — Few of these insects present anything very attractive in their appear- 
ance. Their colours are almost always dingy, and their bodies soft ; but, like many 
other creatures of the same description, they force themselves upon our notice by the 
injury they do cither to our persons or our property ; those of one of the two families 
into which they are divided being often exceedingly destructive to the vegetable pro- 
ductions of our gardens and ficldg, whilst those of the other are the most inveterate 
blood-suckers that ever tormented man or beast. 



Fig. 228 .— Tulymys Bovinus. 
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Tho Tipulidm arc in the former cose. They have the proboscis very short? termi- 
nated by a pair of fleshy lips, and inclosing only two bristles. The common Tipulte , 
or Daddy-long-legs, *are well-known examples of this family ; and their larvae, which 
live in moist ground, often do great mischief, attacking the roots of grass in meadows, 
and sometimes denuding whole fields of their herbage. The larvao of the Cecidomyia 
and their allies generally at- * ^ c B 

tack the young buds of trees, ^1 

when they produce a sort of 

gall in which they come to . Jn \\ \ T\ JIJ [JU Jm \ f - 

maturity ; whilst other spe- ^ W , I ± ) J 

cies, such as the Cecidomyia , — I 

Tritici and tho Cecidomyia / ^ / 
destructor * tho dreaded lies- y 

sian fly of the United States * / \ • Hr * 

(Fig. 229), generally attack Fig. 229.— A, the flemiian Fly (CceidomaiaJlcstrnrtor) ; B, the 
the corn crops. The former Wheat Fly (C. Tritici) ; C, lurvro of C. Tritici feeding on 

of these larvae feeds in tho wheat. 

flower of the wheat, often rendering it abortive, ^whilst the other attacks the stcm.ncar 

the ground, and thus causes a still more 
\ / I tj .1 * wholesale destruction. The larvro of Chi- 

y jjSSS ronomus (Fig. 230) and its allies live in 

1 s ^ an ^ n ^ wa ^ cr y an d the insects themselves 

fcjlvf bA closcl y rcacm hle Gnats, both in appearance 

/r HflX In an< ^ * n ^heir habit of collecting in the evening 

J Js rjk V F\ fir} vas ^ numbers, and dancing up and down 

1 N \ \\ Jj *** a * r * The hirv© of Chironomus plutno - 

J | I Vj 8US ftro of a blood-red colour, and are well 

/ \ Jpy known to anglers as blood-worms. The 

/ \ larvai of a considerable number of species 

^ . , . are found in fungi? 

F l ®. 23 u .—-Chironomua plumosus, with its larva . « * ■» , . 

uud pupa ; all magnified. A le w species (Jppgrt somewhat from «the 

generally peaceful character of the family, 
and suck blood with as’ much avidity di their neighbours the Gnats. Amongst these 
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In«tho family the Culicidce , or Gnats, which includes the pre-eminently blood- 
thirsty species, the proboscis is. especially suited for their work of torment. It is often 
half the length of the insect, slender, slightly thickened at the 'tip, and incloses six 
long, sharp bristles. The palpi are often very long and beautifully feathered in the 
males ; but in the females these organs are generally short. 

Those insects, their curious dances, and thp -frery disagrceablo effects of their bite, 

• must be well-known to every one ; but the Mosquitoes of warm climates, which are 
very nearly allied to our indigenous gnats, are still greater pests ; and the inhabitants of 
India are compolledfto project themselves when asleep, by means of fine gauze curtains, 
from the attacks of these bloodthirsty little creatures. 

Thcflarvoo of tho Gnats live in water, whore % they swim about with considerable 
agility, breathing air by placing tho orifice of a long caudal tube at the surface ofr tho 
water. 

Oiidev X. — Lbpidoptera. 

General Characters. — In this lust and 'highest order of the suctorial insects 
with a complete metamorphosis, we meet with creatures which must be ranked amongst 
the most elegant of the denizens of the air. The delicacy of the form of many species, 
tfie charming contrast of colour often Exhibited in thoir wings, and the gem-like bril- 
liancy of others, must always render them most attractive objects-; and the attention of 
collectors has always been more directed to these insects than to those of any other order. 

The structure of the mouth is almost always sufficient to distinguish a Lcpidop- 
tcrous insect from one belonging to any other order. The suctorial organ consists of a 
spirally rolled trunk (Fig. 232) attached to the lower part of the front of the head, and 
reposing, when coiled up, between tho hairy labial palpi. The construction of this 
trunk has already been described. (Sec p. 333 Fig. 174). 


b a 
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Tip;. 2X2. 

Head and trunk of Butterfly. 
a t head ; /*, base of antennto ; o 9 
eye ; d, c, labial palpi. 



Fig. 233. 

ScaleB from the wings of the Gnat-moth. 


Tho wings are fouf in mimber, membranous, generally nearly flat, furnished with 
branching nervuros. They are usually covered with minute scales, popularly called 
feather s, which are, in reality, only a peculiar form of the hairs with which the wings 
of most insects are furnished. In tho Lepidoptera these are set veyy close together, 
usually more or less flattened, and laid over one another in the manner of tiles upon 
the roof of a house. Their form varies greatly in different species, and even on dif- 
ferent parts of the wings of tho same species (Fig. 233). t f It is entirely to these scales 
that tho beautiful colours of the wings of these insects are due ; and the metallic tints 
exhibited by many species are owiwg to the presence of very delicate striae upon tho scales. 
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Fig. 234. — Head and Javs of Caterpillars. 

A, from above. B, from beneath, a, eyes; l, antenna? ; e, 
labium; rf, mandibles ; e f muxilla? ; /, maxillary palpi; g, 
labium ; h , lubiul palpi ; *, spinneret. • 


The thoracic segments are amalgamated into a more or less ovate moss, generally 
clothed with hair ; the prothorax is very small. The legs are generally well developed ; 
bht in some species the anterior pair is rudimentary. The tibioo are spurred, and the 
tarsi usually composed of live joints. 

The larvae of the Zepidoptera are well known as Caterpillars . They are generally 
of a more or less cylindrical form (seefp. 340, Fig. 186), composed of thirteen segments, 
of which the anterior forms a horny toad, furnished with jaws and antonnte, and 
usually with groups of simple eyes. 

The jaws of the Caterpillar are usually vory strong, and well adapted for biting the 
firm vegetable tissues upon 
which most of them feed. 

The* mouth is composed of 
tho same* parts as that of 
masticating insects. In 
addition to the usual pair 
of palpi, the labium bears 
a slender tubular organ, 
the spinneret (Fig. 234 t), 
which communicates with 
a pair of large internal 
glands, whose office it is to 
secrete the viscous substance 
necessary lor the formation 
of the silky threads by 
means of which most Caterpillars securo themselves from falling, and with which 
many of them spin a cocoon in which to pass their pupa state. 

The three segments following the 
head, which correspond with the tho- 
racic segments of tho perfect insect, 
bear three paifs of soft, jointed legs, ter- 
minated by a Ejingle dlaw (Fig. 235 <r), 
and, in addition to tlytsc, a variable 
number of tho abdominal segments 
are also furnished with fleshy feet, 
called pro-legs (Fig. 235 b r), which 
arc of great assistance the creature 
in grasping any object upon which it may her resting or walking. 

The duration of the larva state is very variable in those insects ; nj of them 
producing two broods annually, whilst others occupy two or three years in arriving at 
their perfect condition. In their larva state they are exceedingly voracious, often 
doing imtraense damage to vegetation . Most of them accordingly grow rapidly, and 
shed their skins several times before attaining maturity. When this period has 
arrived, the Caterpillar seeks some sheltered spot in which to undergo its change to the 
pupa form. Some species select the lower surface of leaves and branches for this purpose ; 
others clefts and hollows in the bark of trees, walls, or palings; whilst others bury 
themselves in the earth. Thpqp which remain in the air always suspend themselves in 
various ways by means of their silky secretion, and s^ne inclose themselves completely 
in a silky cocoon. This is also done by some of thoseJ which conceal themselves in the 



Fig. 235. — Letc and Pro-legs of Caterpillars. 
a, thoracic leg ; h, pro-leg ; c> pro-legs grasping ; 
d , e, spiracles open aiul closed. 



,‘180 BUTTERFLIES AND MOTH 

earth ; c but many these only line their cavity with a sufficient quantity of silken 
threads to keep its walls from falling in upon them. The pupa i| entirely inclosed in 
a homy case, in which the position of the wings and limbs is indicated externally only 
by lines and other elevations. 

In their preparatory stages the Lepidoptera are exceedingly liable to be destroyed by 
numerous species of parasitic insects, which Jay their eggs in’ the larva, which then 
. continues to feed, and frequently even effects its transformation to the pupa state, 
without exhibiting any indications of the work of destruction which is going on within ; 

c and these parasites, assisted by the insectivorous birds, 

keep the numbers of Caterpillars within moderate limits. 
Without these checks, they would soon destroy the fruits 
of the labours of the gardener and the husbandman. 

The perfect insect, on first emerging from the pupa 
case, usually has the wings soft and crumpled ; and it is 
not until S9ine littlb time after it has set itself free from its 
prison that its wings become sufficiently, expanded to be 
available} for flight. Many Butterflies, immediately before 
• taking tlieir first flight into the air, eject a red fluid from 
fhe anus, which, of course, forms a red spot wherever it 
falls ; and this — when, as is sometimes the case, vast 



Fig. 236. — Tortoise-shell Butter- quantities of some species of Butterfly have simultaneously 
chry suh s. emeiee<1 fl ° m * ° attained the perfect state in a particular district — has given 
• rise to the stories of Lloody rain. 

Divisions. — The Lepidoptera arc divided into two great groups or sub-orders, tho 
j Uctcrocera, and the Rhopalocera . In tho former, the antenna) arc of variable form, 
usually bristle-shaped, and frequently plumose, but very rarely clubbed. The hinder 
wings arc furnished with a bristle on their anterior margin, which serves to keep the 
two wings of each side connected during flight, and the wings arc never earned erect 
during repose. This group includes the numerous species of Moths. These are the 
Nocturnal and Crepuscular Lepidoptera (. NocUirna and Crepuscularm) of many entomo- 
logists, so called from iq ost of the species flying only by night or in the twilight. 

In the Rhopalocera, or Butterflies, the antenna) are almost . always terminated by a 
club ; the wings arc generally carried perfectly upright in repose, and the hinder pair 

are not furnished with^bristles. These arc the Diurna of some entomologists. 

• * 

• Sub- Order I. — IIeterocera. 

Divisions. — The IIeterocera may be divided into eight groups or tribes, most of 
which include several families. In the first 
of these, the Tterophorina , or Plume-jnoths, 
the wings are divided into radiating finger- 
like segments, fringed on both sides with 
numerous delicate hairs, which give them 
the appearance of minute feathers. The 
antennm are slender and bristle-like, the 
body slender, the legs long, and furnished 
with largo spurs on the tibia). All these 
insects have the habit of folding their wings 
like a fan whon at rest. In some ( Piero - 



Fig. 237. — Alucita licxadactyla. 
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phorm ) the fore wings arc but partially bifid, and the hind winpp divided ink* three 
segments ; whilst in others ( Alucita, , Fig. 237) the whole of the wings are composed of 
Aather-like pieces. # One genus arranged In this tribe has the wings entire. They are 
all of comparatively small size. 

The second tribe, the Tineina , includes a multitude of minute insects, often of tho 
most elegant forms, aiftl adorned witlf colours as brilliant as those of the largest species 
of the order. They are distinguished by their filiform or bristle-shaped antennae, which • 
arc very rarely plumose ; but in many species they attain a considerable length, and 
are generally longer than the body ; and by their narrow elongated wings, always 
terminated or edged by a long fringe. The palpi pe usually of great length, and often 
of singular form. % 

The Caterpillars are provided with eight or ten pro-legs, in addition to the thoracic 
members* They inhabit the most various situations ; and most of them either shelter 
themselves within the substance upon which tlfey arc feeding, or form themselves 
little cases, which they carry about? with ^icm. Tho majority feed upon green 
vegetable matter ; many of these mine in the leaves and stems of plants, whilst others 
live upon the surface in small cases neatly made of a littlo piece of leaf. The ino^t 
destructive species are those which live upon dry* animal and vegetable matter, amongst 
whiefi the well known Clothcs-moths, and the Corn-moth ( Tinea grandUi), which 
attacks corn in granaries, are the most noted. Two species of Galleria live in Bee- 
hives, to which they often do great damage. 

The insects of tho third tribe, the Toriricina , aro distinguished by their short 
filiform antenna*, which are rarely feathered, and their broad triangular wings. The 
maxillary palpi are inconspicuous, the labial palpi elongated, and the body shorter and 
thicker than in the Tineina . The head is gene- 
rally furnished with ocelli. 

The larvae possess sixteen feet ; they live 
upon the leaves of trees and plants, which they 
generally roll up into a sort of tube (Fig. 238). 

Within this they feed in security, and here they 
also undergo their transformations. From this 
habit they have obtained their common name of 
Leaf-rollers, and their scientific name ( Tortrix, 

Tortricina) has nearly tho same meaning. When 
they occur in great numbers these insects aro 
often exceedingly injurious in orchards and 
plantations. 

In tho Pyralidina the antennae are also rather short and filiform p tl^ose of the 
males are sometimes pectinated. The labial palpi are generally very long, and the 
maxillary palpi tolerably conspicuous. The wings are elongated and triangular, and 
the legs«yery long. The Caterpillars arc usually furnished with fourteen feet, and 
covered with short hairs ; they live upon leaves, and often, like the insects of the 
preceding groups, do much damage. Tho Pyralis Vi tin (Fig. 239) is very destructive 
in wine countries, and other species aro frequently injurious to trees in orchards. The 
larva of Pyralis farinalts lives upon flour and meal, and that of the Aglossa pinyuinalis 
upon butter, greas&, and similar substances. 

In the Geometrina the antenna) of the females ags filiform, but those of the males 
usually jdumoso ; they aro generally a little longer -than the thorax. Tho wings are 




MOTHS. 


♦ «82 


largo afid broad, an/1 tho body slender. Tho name of this group is derived from the 


structure and habits of the Caterpillars* 
which are popularly known under the name 
of loopers v These only possess lour pro-legs, 
placed quite at the hinder extremity of the 
body. In progression the Caterpillar holds 
' by its thoracic feet, brings the hinder ex- 
tremity close to these, bending the body into 
a loop, adheres by the pin-legs, and then f 
again extends fhc fore part of the#)ody for 
a fresh step. In this manner they proceed, 
apparently measuring the ground over which 
they travel, whence they have received the 
name of yeomeU icians. Many of them pre- 
sent a close resemblance, in colour and^tex- 
turc, to a piece of dry twig, and they take 
advantage of this to deceive their enemies, 
adhefing often for hours to one spot by their 
pro-legs, with the remaindeV of the body 
stretched out in a straight line. The Cater- 
pillars of these insects are also very injurious 
to fruit trees, — that of the Mugpio Moth 
(Fig. 240), which 'inhabits gooseberry bushes, 
their foliage. 


• *• 



Fig. 239. — Pyralis Yitis. 4, male at rest;. 
4 «, female flying; 4 b, caterpillar; 4c, 
eggs; 4d 4c, pupa. 


often strips them almost entirely of 



Fig. 2/0. — Magpie Moth (Abraxas grossulariata). Caterpillar, pupa, and imago. 
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The tribe of Koctmna includes a great number of Moths, of middling or large siae, 
generally of dull colours, and strictly nocturnal in their habits. The antennas are 
generally bristle-like, rarely pectinated or even notched, generally a little longer 
tha It the head and thorax ; the palpi aro short ; the wings large, the anterior pair 
longer but narrower than the" posterior, which are slightly folded in repose. The 
body is rather thick, and the logs are generally stout. The Caterpillars are 
generally naked, and furnished with sixteen feet. The pupae aro usually inclosed in a 
loose cocoon. f 

A few exceptions to the usual Sombre colouring of the insects of this tribe aro to be 
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met with, principally in species which are more diurnal in their l^ahits than the rest. 
The Catocafa and Triphana are distinguished by the bright red and orange colour of their 
posterior wings, and 1 the Plmice, which often fly in the bright daylight, hare the 
anterior wings adorned with metallic tints and markings. 

The Bombycina have very short antennas, generally plumose or pectinated, especially 
in the males. The wings are large, the ; posterior pair being broadest, and generally 
adorned with bright colours. The body is thick, and rather short ; the legs are stout ; 
and the spiral trunk is either altogether absent or very Bhort. This tribe includes some 
of the largest spccios of the order ; and its importance is > greatly increased by the 
circumstance that the Silkworm Moth ( bombyx mart \ Fig. 241) belong? to it. Of tho 
commercial importance of this insect we may judge from the fact, that in t3e year 
I860* nearly five million pounds of raw silk were imported into this country, besides a 



Fig:. 241. — Silkworm, with its Papa and Imago {Bombyx inori). 


large quantity of manufactured silk. This important insect is a native 0f tho north of 
China ; and a great portion of our supplies of silk is still derived from that country. 
It was introduced into the south of Europe in the sixth century of the Christian era, 
when some of the eggs were brought to Constantinople, whence th^ insects have 
gradually spread into Italy and France — in both which countries the cultivation of the 
Silkworm is an important branch of industry. When the Silkworm is full grown it 
quits its food, and betakes itself to some convenient spot, where, after spinhirg a few 
threads in various directions, it suspends itself in th j midst #f their ; and by continually 
twisting its body it gradually envelops itself in a thick silken cocoon. I»y spinning this 
carefully oif, a delicate unbroken thread, sometimes exceeding 1100 feet in length, is 
obtained. 

The Bombyx Cynthia, the An-indy Silkworm of India, furnishes a silk which is said 
to possess astonishing durability. The Caterpillar feeds upon the Castor-oil plant ( Bicinus 
communis ), and has recently been introduced into the south of Europe, and into the 
French possessions in the north-of Africa, with every probability of success. Several 
other species of these insects furnish silk. 
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Thq Saturma Prometheus (Fig. 242), a fine North American species, nearly allied to 
the preceding, is remarkable for inclosing its cocoon within a leaf of the tree on which 

it habitually 1 resides. Amongst 
British species, one of the most re- 
markable is the Gastropacha qucrci- 

«. ones when the insert is at rest, 

' giving it a very singular aspect, not 

M unlike a bunch of dead leaves, the 

Its mode of life, in the laf-va state, is 

a large community within a silken 
nest, which they weavo for them- 

procession, one taking the lead, ful- 

' — abreast, then three, and so on, until 

they sometimes march in ranks of 








ng. 242. — Baturina Prometheus, with its caterpillar, 
cocoon, and pupa. 


Pigr. 243.— Oak-laprot Moth 
{Gastropacha querctfoliri). 


ten or more. Hence they ore called processionary Caterpillars, and the larvae of 
several allied species have the same singular habit. 

The Goat Moth ( Cossus ligniperda ), which is one of the largest British Lepidoptora, 
also belongs to this tribe ; the larva feeds upon the 4 wood of willows, to which it 
^^tea does immense injury. 
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The Psychidee, a family of singular small Moths, generally placed with this jgroup, 
are remarkable from the circumstance that the larvae form portable cases for their 
protection, similar tef those constructed by the Caterpillars of many Tineina. In these 
they undergo their transformations ; and the females of many of the species, which are 
often footless, grub-likc creatures, do not leave this case, but are sought by4he male 
whilst still inclosed. This circumstance has given rise to an impression that these 
insects produced fertile eggB without congress with the male ; but this opinion proves 
to be unfounded in most cases ; although, according to Siebold’s observations, some of 
them exhibit phenomena of reproduction exactly analogous to those presented by the 
viviparous Aphides (see p. 348). . 

In the Sphingina, , the last tribe of Heterocerom Lepidoptera , the antennae ar<? thick- 
ened. in the middle or towards the end, but terminate in an acute point. They are 
generally ^prismatic in their form, and frequently pectinated or toothed internally. 
The wings are generally long and narrow, but firm, and adapted for powerful flight ; 
and the trunk is almost always well dc’TOloped ; 9 sometimes longer than the body. The 
name of Sphinx , applied to the typical genus of these insects, is derived from the habit of 
the larvae of sitting with the head and fore part of ttfe body raised in an attitude which, 
to a fanciful imagination, bears some resemblance to the Sphinx of the ancients. 
Most of these insects fly in the twilight ; but some ar% to be found hovering over 
flowers in the brightest sunshine, extracting the nectar by means of their long trunks. 
They are generally insects of considerable size, and the appearance of the larger species 
is well shown in the annexed figure (Fig. 244) of the Elephant-Hawk-Moth, Deilephila. 
Elptnor . Perhaps the most remarkable species of this tribe is the Death's-head Moth 
(Acherontia Atropos), a large species, variegated with dark brown and yellow, and 
which bears upon the back of the thorax a deep orange mark, presenting no inconsi- 
derable resemblance to the front of a human skull. Hence this insect, whenever 
it has occurred in sufficient plenty to attract general attention, has always been 
regarded as ominous of 
pestilence, — a feeling, 
probably, not dimin- 
ished by»its power of 
emitting a plaintive 
squeak when disturbed. 

The larva is very par- 
tial to the potato plant, 
and the pupae are often 
turned up in digging 
potato grounds. The 
moth, which has a very 
short trunk, is a great 
enemy to bees, invading 
their hive, and feeding Fig. 244.— Elephant Hawk-Moth [Deilephila J Elpcnor). 

upon their honey. It 

is supposed to frighten the bees by the squeaking noise above referred to ; for though 
it possesses no weapons, and the bees are well armed, they never appear to attack the 
intruder. • . 

A considerable group of small insects, belonging* to this tribe, have transparent 
membranous wings, only partially clothed with scaled; amongst these one, the Sestet 
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tipuliformis, is very common in gardens, where its caterpillars feed in the interior of 
the twigs of the fcurrant and gooseberry bushes. The transition to the Mhopalocera is 
effected through the Castniidos and TJraniida , two groups of butterfly -like insects,* of 
which the latter, at all events, has frequently been placed in the following sub-order. 

SuB-ORER II. — RUOPALOCERA. 

This sub-order, including the numerous beautiful species of Butterflies, which pro- 
bably, as a group, may bo regarded as the most charming of insects, forms only a single 

tribe, which, however, is divided into numerous 
familm*" and sub-families. They arc all diurnal 
in their habits, fluttering about from flower to 
flower in the hottest sunshine, and ncarly r all of 
them carry their wings upright over their backs 
in repose (Fig. 245). It is in hot climates that 
the largest and most magnificent species abound. 
Under the burning rays of the tropical sun 
numerous brilliantly metallic species sport like 
^living gems; and even those not adorned with 
metallic tints exhibit an elegance and variety of 
colouring which is perhaps not surpassed by any 
other productions of nature. 

Beautiful as these creatures are, however, their 
Fig. 245.— Danais plexippa. structure and habits exhibit so little diversity that 

we may pass them over with but a few words. The 
caterpillars, which feed upon the leaves of various plants, are almost always furnished 
with sixteen feet. They arc as voracious as the larva) of the Moths ; some of 
them, such as those of the Cabbage Butterflies (Pontia brassicce and Rapa), often doing 
great injury in gardens. The 
Caterpillars of the family Pa- 
pilionida ?, of which the only 
^British species has already 
been figured, with its trans- 
formations (Fig. 185), are fur- 
nished with a curious forked 
retractile process on the back 
of the ncck,«which has been 
supposed to be employed in 
frightening away insect foes. 

The pufcse, ordinarily known 
as Chrysalides, are* usuafiy 
more or less angular; theso 
angles often becoming so pro- 
miLnt as to take the form of " 0 - P ““ k Butteri * < Vane “ aIo >- 

spines. Unlike the pupm of many Moths, they are not inclosed within a cocoon, but 
cither simply suspended by the tail, or furnished with the additional security of a little 
silken band round the middle. One of the most beautiful of our native species is the 
Peacock Butterfly ( Vanessa Io , Fig. 246), the wings of which arc adorned with splendid 
eye-like spots. Its Caterpillar feeds upon nettles. Several other charming British 




Fig. 246.— Peacock Butterfly (Vanessa Io). 
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species belong to the same genus with the Peacock Butterfly. Of these the commonest 
aro the Tortoiseshell^ ( V. Urticce ), and the Red Admiral (FI Atalanta) ; the Catoipillars 
of both food on the nettle. The Painted-lady Butterfly ( Cynthia Cardui) is another 
beautiful species, which is also common everywhere. 

The Coppers ( Polyommati ), 
and the Blues (Lyccume), with 
their brilliant metallic tints, . 
are also very charming, al- 
though their size is much 
smaller than that of the insects 
above referred to. The species 
of the genus Argynnis , of which 
one of the commonest is hero 
represented (Fig. 247), are 
elegantly marked with silvery 

spots on the lower surface of F ig. 247.-ArgynBis Paphia. 

the wings. 


Order XI. — Hymenoptera. • 

General Characters. — The order Hymenoptera , the first of the mandibulatc 
metabolous insects, includes a vast number of species, amounting, according to the 
calculations of Kirby and Spence, to about one-fourth of the entire insect world ; and 
some of these certainly exhibit the highest development of instinct" or perhaps the 
nearest approach to reason, that we meet with amongst invertebrate animals. 

These insects are generally distinguishable at the first glance, by the structure of 
their wings, which are almost always present, and four in nuhibcr, of a membranous 
texture, and traversed by a few nervures, which by their union form regular cells. The 
form and arrangement of these cells in some groups, afford the most important generic 
characters ; and entomologists have distinguished them by particular names. A few 
species arc destitute of wings, and in others the wings present no ncrvi*res. Thehind<y 
pair is always smaller than the anterior, and the connection flbtween the two wings 
during flight is usually maintained by means of a series of minute hooks" placed on the 
anterior margin of the hinder wing. 

The mouth is always furnished with a pair of strong mandibles, and in most cases 
with maxillae and other organs of the usual form ; but in many species the maxillae and 
labium are converted into a suctorial organ, the*construction of which has already been 
described (p. 333, Figs. 172, 173). The eyes are generally large, and placed on the 
sides of tho head, of which, in the males, they sometimes occupy nearly tffe whole 
surface (Fig. 168) ; the ocelli aro usually three in iftimber. *The whole body is inclosed 
in a scaly armour ; its three great divisions are usually very distinct, but the thoracic 
segments afe more or less fused into a mass, the prothorax being generally distinct. 
The legs aro generally long, and the tarsi composed of five joints. 

The Hymenoptera arc also distinguished from the other insects with membranous 
wings, by the presence of an ovipositor of peculiar construction at the extremity of the 
abdomen in tho females, which not only serves for placing the eggs in the required 
position, but also in many speefes (Bees, Wasps, &c.) constitutes a most formidable 
offensive weapon. As the structure of this organ, whi<9* is rarely absent, is essentially 
the same throughout the order, the form of its component parts being merely modified 
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to suit the exigences of the different insects, a short description of its general con- 
struction will not bo out of place here. The ovipositor, or stingy generally consists , of 
five pieces ; a pair of horny valves (Fig. 248, 1 2), which form a sheath for the true 

sting or ovipositor ; these are 
jointed at the point where 
they issue from the cavity of 
the last abdominal segment, 
and the last joint is usually 
as long as the sting itself. 
The latter consists of three 
bristles, of which the superior 
(Fig. 248, 4) is ^channelled 
along its lower surface, for 
the reception of a pair of finer 
bristles (Fig. 248, 3 and 5), 
which are toothed at the tip- These three pieces, when fitted together, form a narrow 
tube through which the egg passes ,to its destination ; and through this also the poi- 
sonous fluid, which renders^tho sting of the Bee so painful, is injected into the wound. 
In the Saw-flies, as wc shall see, one of these parts is rudimentary ; but in other 
respects the organ remains the same. 

The larvae of most of the Hymenoptera aro footless grubs (Fig. 249), usually fur- 
nished with a soft head, exhibiting but little, if any, advance upon the maggots of the 


Fig*. 249. — Larvae of Bee, nat. size and magnified. Fig. 250. — Pupa of Bee, magnified. 

Diptera . The pupco afro quiescent (Fig. 250), completely enveloped in a delicate skin, 
each limb being inclosed separately. In the Saw-flies, however, the larva, instead of 
being, as^above described, a mere footless maggot, presents the closest resemblance to 
the caterpillars of the* Lepidoptera , being provided with a distinct horny head, and not 
only with six vhoracic legs, hut also, in most cases, with from twelve to sixteen pro-legs, 
situated upon the abdominal segments. 

X>i visions. — As the differences just referred to in the larvae of these insects arc 
accompanied by an equal diversity in the structure and mode of life of the perfect 
insects, we thus obtain an Excellent* means of dividing the Hymenoptera into two sub- 
orders ; those with catcrpillar-like larvae having been regarded by JdcLeay as 
diverging so greatly from the rest of the Hymenoptera , as to warrant their complete 
separation. In these, forming the sub-order Securifera , the abdomen is attached to the 
thorax by its whole breadth ; whilst in the other sub-order, the Petiolata y it is sup- 
ported on a slender footstalk of greater or less length.* 

* The Hymenoptera have generally been divided into two great sections, the Terebrantia and 
Aculeata t in one of which the ovipositor iB employed solely intne operation of egg-laying, whilst in 
, the other it is converted into a stmg^y itB connection with a poison-gland. By this arrangement, 
however, insects with a very different metamorphosis, and exhibiting a great diversity of general 
structure, are brought together ; and we have preferred adopting the arrangement given above, which 
appears to be more natural. 
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Fipr. 251. — A, extremity\)f the abdomen of the Saw- 
fly, showing the two saws, c 9 extended; a, the termi- 
nal joint of the abdomen; and the two internal 
horny nheaths. B, a small portion of one of the buws 
very highly magnified . 


Sub-order I. — Securifera. 

• The Seeuriferoua •Nymenoptera, of which the perfect insects may always be dis- 
tinguished by their sessile abdomen, are vegetable feeders in all stages of their existence. 
They form two tribes, of which one, the Phyllophaga, always feed upon the leaves or 
other soft parts of plants ; whilst the •Xylophaga burrow in the woody portions, and 
there find their nourishment. # 

The Phyllophaga are distinguished by the peculiar construction of the ovipositor, 
which has procured them the name of Saw-Jlie* f by which they arg popularly known. 
This organ (Fig. 251), is composed 
of a pair of broad, serrated plates, 
the analogues of the inferior bristles * 
of the Bee'fc sting (sec Fig. 248). The 
superior channelled bristle is con- 
sidered by Burmcistcr to be reduced 
to the form of a tubercle, which keeps 
the bases of the saws separate, whilst, 
according to Westwood, this bristle is 
divided into two parts, represented 
by the dorsal portion of the serrated 
plates. This saw-like organ is pro- 
tected on each side by a jointed 
homy plate, and the whole is gene- 
rally received within the lower sur- 
face of the last abdominal segment. 

By the agency of these curious and elegant organs, the female? Saw-fly cuts numerous 
minute slits in the stems or leaves of plants, in each of which she lays an egg, accom- 
panied by a drop of fluid, which is supposed to have some influence in preventing the 
closing of the wound, and in some cases the irritation thus set up causes the formation 
of a gall, within which the larvae live and feed. Asa general rule, however, the larvm, 
when hatched, leave their shelter and feed upon the leaves of p^au£s» # The species ave 
generally confined to certain kinds of plants, to which, when they %re produced in 
great numbers, they often do immense mischief. Thus the larvae o f the Athalia centi - 
folim, known to farmers as the Nigger or Black Caterpillar, has ^occasionally done in- 
credible damage to turnips in thiB country ; and that of another species, the Nematus 
Qrossulari / , is not less destructive to gooseberry bushes. The larvae of other species 
infest fruits, living and feeding in the interior, and causing them to fall off whilst still 
immature. They arc almost always furnished with pro-legs in addition to^the thoracic 
members. 

Before changing to the pupa state, these larvae usually spin a cocoon, some of them 
remaining Attached to the twigs of the plants infested by them, others burrowing down 
into the pith, and others again seeking security in the earth. The perfect insects 
generally make their appearance in the spring or early summer, passing the winter in 
the pupa state. In tho perfect state they frequent flowers ; and although generally of 
small size, and rarely adorned with very brilliant colours, most of them are elegant 
insects. • . 

In the second tribe, the Xylophaga, the ovipositor differs in its structure from that 
of the Siw-flies, and approaches that of the following £ub- order. It projects from the .• 
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abdomen, whence the name of Tailed Wasps, popularly applied to the commonest 
species in this country (Fig. 262), is derived. The second joint of the lateral plates is 
also prolonged, forming a sheath, within which throe bristles are* concealed, the upptir 

one being the largest, and channelled 
beneath for the reception of the two 
lower bristles. These three bristles, 
forming the true ovipositor or borer , 
arc all serrated at tho extremity. 

The larvae, which only possess 
six small thoracic logs, live in the 
trunks of trees, especially firs, bur- 
rowing through the wood in various 
directions, and often causing exten- 
sive damage. It has been supposed 
that these insects were parasitic 
upon the larvae of other wood-boring 
insects ; but this opinion appeal's to 
have arisen entirely from errors of 
observation. They are rare in this 
country ; but upon the continent of 
Europe, where pine forists arc more abundant, they often make their appearance in 
immense numbers, and commit yery serious depredations upon tho timber. Specimens 
of Sirex gigas (Fig. 252) nre occasionally taken in the neighbourhood of London ; but 
these have, in all probability, been imported in tho pupa state in timber. 



Fig. 252.— Sirex Gigas. 


, SuB-OUDElt II. — FETIOLATA 

The Petiolata , distinguished by the maggot-like form of their larvae, and Ly tho 
union of the abdomen with the thorax by the intervention of a Blender footstalk, form 
two pr in cipal groups, th o Tevebratitia and the A. culeata . In the former the ovipositor, 
although similar in construction to that of tho Aculeata , appears to he exclusively | 
intended for the business of oviposition. Some species, indeed, will apply this organ to \ 
the purpose of* self-defence when captured ; but even if they puncture tho skin, they 
rarely leave that lasting pain which is so disagreeable an accompaniment of the stings 
of the true Aculeata . , By far the greater number of the Terebrantia are parasitic upon 

other insects ; but -one tribe, that of 
the Gallicola , consists almost entirely 
of vegetable-feeding insects. These 
are generally of minute size, with 
straight antennae, composed of from 
thirteen to fifteen joints; the wings 
exhibit only a few ncrvurcs, and the 
palpi are short. Their most striking 
character consists in the structure of 
the ovipositor, which is bent into tho 
form of an S within tho abdomen, its 
ex treaty passing up through a chan- 
nel formed by the ventral pla{e of the last abdominal segment. Its construction 
otherwise departs in no respect^ from the general character of the order. By«means of I 



Fig. 253. — Galls of Oak-leaf, and Insect 
[Cynips Quercus-foln ). 
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Fig? 251.- 


-The Commercial Gall, and its Insect 
( Cynips Gallic tinctorial)* 


this ovipositor, which can bo exserted or retracted at pleasure, the females puncture 
the leaves, buds, and other parts of plants and trees, depositing an* egg in the wound, 
accompanied probably by some irritating fluid, which, causes a diseased growth in the 
part, and thus produces the excrescences known as galls. Within this domicile the larva 
lives, feeds, and attains its maturity. Here it also undergoes its transformations ; and 
it is not until its arrival at the perfect state that it eats its way out, and becomes a free 
denizen of the air. 

The forms of the galls vary excessively according to the plant on which they are 
found, and the species of Gall-fly by whose puncture they are paused. The oak is 
especially subject to the attacks of these ■insects. The leases arc ofteji covered with 
small round galls, produced by Cynips • 

Qucrcus-folii (Fig. 253), and several * H/h 

other species attack those organs ; C)' N n\ 

whilst the well-known oak-apples gf mBmuf / Oil) ill 

are produced by a species ( Cynips • X 

tcrminalis ) which deposits its eggs 

in the extremities of the shoots. ^ ^ 

Other species of oaks arc equally 

infested by these creatures, one of # 

which produces the well-known and Fig * 2 5 1 . d its In8cct 

important galls of commerce (Fig. # 

254). The Dead Sea apples, which have been the subjects of such frequent controversy, 
are also galls, produced by the puncture of a small insect described Jby Mr. Westwood 
under the name of Cynips insana. The spangles of the oak-leaves are also produced in 
this manner. 

These excrescences usually contain only a single larva ; bj.it in some cases a largo 
family of grubs arc concealed in a single gall. A few species are parasitic in their 
habits. 

The second tribe includes an immense assemblage of insects — some of considerable, 

others of minute size — wSich, from their constant 
u • /yr\ habit of passing their larv^, ^;at<f as parasites upon 

J I m other insects, have received the 9 namo of Ento - 

9 mophaga . They are distinguished from the Gaili- 

cola by having the ovipositor of the visual con- 
1 struction, straight, and insCrtcd at the apex of the 

abdomen. „ It is sometimes conceflled, sometimes 
Ik more or less exserted, and in the latter case often 

* \JA \ attains a great length (Fig. 255). When exserted, 

^ \ ^ the ovipositor appeal^ to consist of three bristles ; 

\ \\ of tbeso the outer pair are tne terminations of the 

\\ sheathes, and tho middle one is composed of three 
\o bristles, forming a minute tube for the passage of 


U\ the egg. 

255 Foonus ' ' Insects of every order, and in every stage of 

*. * asnus. their existence, are subject to tho attacks of these 

parasites^ which are well kfluywn under the name of Ichneumous and Cuckoo-flies. 
They introduce their eggs into the bodies of theirt victims by piercing them with 
their ofipositor. Minute size is no protection ; for f many species lay their eggs in.- 
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Aphides, Coed, and the larvce of other small insects. The Ichneumons, with long ovi- 
positors, seek the burrows of wood-boring insects, whose larvae they are enabled to 
reach by means of this organ. Each species usually infests a particular species of 
insect ; and, singular as it may appear, many of these parasitic larvae are again preyed 
upon by bthers, whose parents arc directed by an unerring instinct to the selection of 
the proper position for the nourishment of their offspring. 

• Many of them, and especially the larger species, only lay a single egg in their 
victim ; but the larvae of many of the smaller species exist in families of a hundred, or 
even more, in the bodies o£ caterpillars and other insects. The insect infested often 
acquires the pupa form before any signs of his internal enemies are perceptible ; and 
many a collector of Lepidoptera has been grievously annoyed, when his carefully- 
preserved chrysalides have produced, as Madame Merian expresses it, nothing? but these 
“ little rascally flies.” In other cases, generally when a number of these parasitic 
larvce have made a common prey of fcome unfortunate insect, the parasites break out 
before undergoing *their transformation, which* then takes place in the interior of a 
little cocoon, which each of them weaves for itself. This may often be observed in tho 
caterpillars of the common Cabbage-butterflies. 

This vast tribe is divided into fouf great families. In the Evaniidcc the abdomen is 
attached to the upper surfate of the ipetathorax (Fig. 255), and the antennee are 
straight ; the Ichneumonidcc also have straight antennae ; but the abdomen is attached to 
the extremity of the metathorax. In the Chalcididce and Proctotrupida, which are 
generally minute insects, the antennae are elbowed, and the wings are nearly veinlcBS ; 
but in the former the palpi are short and the pupa is naked, whilst in the latter the 
palpi are long, and the pupa inclosed in r cocoon. 

In the preceding insects the abdomen is composed of six or seven distinct segments ; 
but in the Tubulifera, forming tho third tribe, it appears to consist only of three or 
four, or at most five segments ; the remainder being converted into a tubular telescopic 
organ, at the extremity of which a minute sting or ovipositor is situated. The antennae 
of these insects, which qppear to constitute a transition from the Terebrant to tho 
Aculeate sections, # are composed of thirteen joints in both sexes, the basal joint being 
elongated, and the ant'emm bent or elbowed at its extremity. 

These insects — of which one species ( Chrysis ignita) is well known in this country 
under tho name of the Ruby-tail — generally exhibit a gem-like brilliancy of colour ; 
the thorax being usual]*/ of a fine metallic blue or green, and the abdomen of a most 
splendid ruby polour. They are generally of small size ; and may be seen, in the 
hottest sunshine of summer, running about upon walls, palings, and sand-banks, in 
search of the nests of wild bees and other Ilymcnoptcrous insects, upon which their 
larvae are pnfasitic. As Mr. Westwood observes, they deserve tho name of Cuckoo-Jlies 
more than any other psrasi tier insects, *as it appears that in most cases their larvae feed 
rather upon the store of food laid up for the nourishment of their host than upon the 
host itself ; although they doubtless finish by devouring the rightful inhabitant of their 
usurped domicile. The lower surface of the abdomen is hollowed out, so that when in 
danger they can roll themselves up into a ball, and thus, to a certain extent, defy their 
enemies. This habit is also exhibited by many species of bees. When lying in this 
condition, in dread of an attack from the bees whose cells they have invaded, the latter 
have been known to cut olf the wings of the marauder, find then throw him from their 
neBt to the ground, trusting thaf r in this maimed condition he could do no further 
mischief; but so pertinacious is the Chrysis in its attacks, that, finding itself incapable 
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of flight, it has been seen to crawl up again to the bees* nest, and deposit its 

We now pass to the Aculeate series of Hymenoptera , in which the ovipositor not 
only serves for the extrusion of the egg, but also conveys a poisonous and apparently 
acid fluid into the wounds which it inflicts. The antennae in these insects are almost 
always composed of twelve joints in the^females, and of thirteen in the males j the four 
wings are veined, and the veins of the anterior pair are always arranged bo as to form . 
distinct tfnd regular cells, the number and form of which have been found to furnish 
valuable characters for the generic groups. The abdomen in the males consists of 
seven joints, and of six in the females. 9 

We divide the Aculeate Hymenoptera into four tribes, of which three are preflaceous 
in tficir habits, living principally or entirely upon animal matter, whilst the fourth 
seeks its nourishment entirely in the secretions of flowers. 

The first tribe, the Heterogyna , including the* true Ants, is composed entirely of 
insects, which live in communities, co&poscd *f three distinct kin£s of individuals — 
males, females, and neuters. The males and females are winged, the former during the 
whole, the latter during a part only of their existence in the perfect state. They make 
their appearance in great numbers at a particular •period of the summer, when they^uit 
the nest in which their preparatory stages have been passed, and copulate in the air. 
When this has been accomplished, the males speedily die ; but the females lose their 
wings, and crawl about upon the ground, until they fall in with some neuters, which 
immediately seize upon them, and convey them to tfceir nest. The neuters, as they are 
called, which form the bulk of the community, are in reality females, in which, pro- 
bably from difference of food in the larva state, the sexual organs have remained 
undeveloped. Like the perfect females, they are furnished with a sting. It is upon 
these that the entire labour of the society devolves ; they . form the nest, carry off 
the eggs when laid by the female, and attend to the larvae, feeding them with the utmost 
care. 

The nests of Ants exhibit a great diversity of structure ; # but the larvae are never 
inclosed Jas in the Social Bees and Wasps) in cells. The nest consists of numerous 
chambers, communicating by winding passages ; excavated ^metiifies in the ground, 
sometimes in heaps of oarth, or other matters raised above the surface, and, in some 
cases, in the trunks of old trees. Some exotic species build their nests on trees, walls, 
and the roofs of houses, composing them of earth mixed with cither substances, of the 
excrement of animals, or of vegetable matters. In whatever manner the nest is con- 
structed, however, the chambers in its interior serve for the protection of the larvae 
and pupae, which are carried from chamber to chamber by the workers, so as to ensure 
their exposure to the temperature best suited for their development. Thjjp at night 
the young animals are carefully stowed away ix> the inqermos^ chambers of the nest ; 
every aperture being kept closed, to prevent the ingress of the cold night-air. But as 
soon as tfio rays of the morning sun fall upon the surface of tho nest the workers 
busily commence carrying their infant treasures to the upper chambers, whore, close 
under the roof, they may enjoy the genial warmth. Not unfrcquently they even place 
them for a time on the outside of the nest, exposed to the direct rays of tho sun. At 
the approach of night, or of a shower of rain, tho business is reversed ; every worker 
is engaged in carrying the l&rVae down into the lower chambers, and in closing up the 
entrances to the nest against the unwholesome cold or moisture. 

Although the Ait has been, from time immemorial, the type of industry and provi* 
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donee, from a general belief that it laid up a store of grain in the summer season to 
serve for its support during winter, it is certain that our European Ants are decidedly 
carnivorous in their habits ; although they often evince a great predilection for saccha- 
rine juices ; and it is not improbable that the idea of their providence may have had 
i its rise from their having been seen, as is often the case, carrying the cocoons in their 
mouths. These, by a superficial observer, might easily bo mistaken for small grains of 
' com. Colonel Sykes, however, observed an Ant in India, which certainly laid up a 
large store of grass seeds ; and it is possible that other species may have the same 
habit, one of which f hiay have been in Solomon’s eye when he penned his well-known 
advice the sltiggard. This character for industry will not, moreover, apply to the 
whole group ; for some species have the remarkably lazy habit of making slaves of 
the workers of other species, whilst they, like feudal barons, devote themselves exclu- 
sively to the profession of arms. 

The wings of the male and femalb Ants are carried flat, and usually furnished with 
but few nervurcst and cells, and the thi-ee segments of the thorax form a roundish or 
oval mass. In the neuters, the three segments of the thorax arc distinctly separated, 
the middle one being generally smaller than the others, so that the thorax appears 
constricted at this part ; — in all, the first, or first and second, segments of the abdomen, 
forming the Btalk, are furnisfifcd with a knob or scale. The males and females possess 
three ocelli ; the workers arc destitute of these organs. In some species a second kind 
of neuters make their appearance, distinguished by the enormous size of their heads 
and man dibles ; these are called* soldiers , and their offiec appears to be tho pro- 
tection of the workers whilst engaged in tho performance of their various duties. 
Some species of Ants, inhabiting tropical countries, sometimes come in swarms into 
houses, from which they quickly expel the inmates, biting and stinging most severely. 
One of these species, the Alia cephalotes , which inhabits the West Indies, is there 
known as the Visiting Ant . 

In the second tribe, the Fossoria, or Burrowing Hymenoptera , we no longer find 
commuitics of three kinds of individuals ; these insects arc solitary in their habits, and 
both the males aijd females arc usually winged. The wings lie flat upon the back in 
repose. Tho tongue Is flever elongated and thread-like ; and the legs are constructed 
solely for walking and burrowing, and never dilated to form instruments for carrying 
pollen. 

The females of theSp insects excavate little burrows in wood or in tho ground. In 
the latter case,«gencrally selecting a sandy locality, whence the name of Sandwasps is 
applied to some of them. In these burrows they lay their eggs, accompanied by a 

supply of food for the use of the larva, 
consisting of other insects, spiders, &c. 
ii ^ These victims arc cither killed, or re- 

duced to a vorv passive state, by a sting 
from tho parent insect beforo being 
introduced into the burrow. In forming 
\ the burrows the jaws and legs are the 

principal agents, the latter being geno- 
„ „ ... . . , . . rally furnished with spines to render 

* them mdre efficient in throwing out 

material. When completed, the,Aouth of the burrow is closed with materials brought 
in the mandibles of the insect (Fig. 256). 
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The insects composing tlie third tribe, the Diploptera (with the exception of a 
single genus), are distinguished from all other Hymenoptera , by having the wingrf folded 
longitudinally whemat rest, forming a pair of long narrow organs, running down the 
sides of the body. The tongue is rather long ; the muxillaa are long and coriaceous in 
their texture ; and the eyes are notched or kidney-shaped. 0 

The common Wasp ( Vespa vulgama) may be taken as the type of this tribe. This 
insect, as is well known, lives in exterftive communities, inhabiting a host formed in 
holes of the ground ; and here, as in the Ants, we find that the mass of the community 
is composed of barren females (workers). In the Wasps these are winged, so that the 
difference between them and the queens, or fertile femifles, is loss striking than 
amongst the ants. But, in addition to these social Wasps, there is a considerable 
number which aro solitary in their hfibits, possessing only individuals of the two sexes, 
perfect nrtiles and perfect females, of which the latter form nests or burrows in which 
they lay their eggs, after stocking them with fotxj, in the same manner as the fossoriaJ 
Hymenoptera. 

The nests of the Social Wasps are formed of a paper-like matcrfhlj prepared by the 
insects fiom wood and other vegetable matters, which they masticate until it acquires 
a pulpy consistence, and then apply it 
to the building of their nests. The 
outside usually consists of layers of a 
rather coarser kind of paper, and the 
interior of the nest is occupied by a 
scries of transverse combs, composed of 
hexagonal cells, with the mouths down- 
wards. The combs arc united by little 
pillars formed of the same material. In 
these cells the eggs are laid, and the 
larvae are constantly fed with honey by g ‘ 257 — Ncst <* Ve *P a Hoi™tica, just commenced. 

the workers. A lew species even lay up a store of honey like the Bees. 

The societies of Wasps are entirely destroyed every year* at the approach of cold 
wcathor«-onIy the young females survive the winter in a state o£ tofpidity ; and when 
the mild weather of spring again calls thorn iuto life, they immediacy set about the 
formation of a nest, in which they lay a few eggs, and attend to tho larva) themselves. 
The first brood consists entirely of workers, which, on reaching tho perfect state, 
relievo tho queen of all labour, and the colony then rapidly increases. It is, however, 
composed entirely of workers until tho end of the summer, when mSlcs and females 
make their appearance. 

The Solitary Wasps usually make their nests of clay or agglutinated st»d. generally 
attaching them to walls and palings ; a few olqp burrow in sandy ground: The nest 
consists of several cells placed close together, and each Sell is stored with a supply of 
insect foryl for tho support of the larvae. 

The last tribe of the Hymenoptera , tho jLnthophtla y or flower-lovers, is distinguished 
by having tho basal joint of the posterior tarsi dilated and flattened, and often fur- 
nished with an apparatus of bristles adapting it for tho conveyance of pollen (Fig. 258). 
The labium and maxilla) aro more or less elongated, generally forming a tr unk (see 
Figs. 172 and 173). Tho perfect insects feed exclusively upon tho nectar of flowers, 
and the larv® upon this, and upon pollen. 9 

In sj.me Bees, forming the family Andrenidtc, the*trunk is short and M™* at th« 
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basal portion of the lower lip (the mentum or chin) that is 
elongated. The posterior legs are not constructed for car- 
rying pollen. These insects are solitary in their habits*; 
the females forming burrows in the ground, in which they 
deposit their eggs in the midst of masses of pollen and 
honey. Numerous epgj are laid in the samo burrow ; each 
furnished with a separate mass of paste, and divided from its 
neighbours by a little earthen partition. 

In the true Bees (Apidce) the tongue is elongated, and 
tile mouth exhibits the general construction described at 
page 333. 

In these we meet with a great variety of habits, — some 
are solitary, and of these some burrow in the ground, like 
the Andrtnidm ; others form nests ir dead wood ( Xylocopa , Fig. 259) ; others, termed 
Mason Bees construct their cells of graius of sand agglutinated together ; and 

others, again, known as Upholsterer Bees, or Leaf-cutting Bees, line their nests with 



apex. In these it is 



Fig. 258. — Hind log of 
working Hive Bee. 


Fig. £59. — Xylocopa, or Carpenter Bee, with its iic*Kt. 

pioees of leaf, whikli tbc^ cut as neatly as if it were done with a pair of scissors. The 
Cuckoo Bees ( Nomada ), elegant and gaily-coloured insects, save themselves the 
trouble of nest -making, by depositing their eggs in the cells of their more industrious 
brethren. t 

In the Social Bees, 'frhich exhibit tbe instinctive faculties in tbeir highest dnvclop- 



Fig. 260.— Bombus lapidarius, with the jaws of tbe 
male and female. 


which pass the winter in a state c of torpidity. 


ment, wc again meet with three sets 
of individuals — males, females, and 
workers. It is upon the latter that 
tho labour of the community, tbe 
construction of the nest, and the 
rearing of tho young, generally de- 
volve ; although amongst the Hum- 
ble Bees {Hombi) the females also 
take part in these operations. In these, 
as in the Wasps, the continuation 
of the species, from year to year, de- 
pends upon the impregnated females, 

L in the spring construct a small nest? 


BKK8. 


ao7 # 

and bring up their first brood by their own exertions. Besides, the neuter^ we find 1 
two kinds of females in tho communities of Bornbus , — the large females, which found 
the colonics, and smaller ones, which assist in the labour of the nest, and are said to 
produce only male eggs. m # 

The nests of the Humble Bees a^p generally constructed of moss. They contain a 
few waxen colls, in which the young •are brought up. Both the females and workers 
have the basal joint of the posterior tarsi enlarged and excavated, forming what has 
been termed a basket, for the conveyance of pollen. These are wanting in some 
species ( Apathies ), which are parasitic in .their habits. 

In tho Hive Bees tho society is permanent — that is to say, the workers, an well as 
the females, survive the winter, during which period their stores of honey aro in- 
tended f<*r their support. Like those of the Humble Bees, their communities consist of 
three kinds of individuals, males, females, and neuters (Fig. 261). We never, 
however, except at the period of swarming, meet with more than one female in the 


ABC 



Fig. 261.— A, Queen ; B, Male, or Drone ; C, Worker. 


hive. The whole duty of the construction of the comb, and the care of the young, devolve 
upon tho workers, whose incessant activity has rendered them tho most appropriate 
types of industry. The comb, as is well known, consists of ^cautiful hexagonal cells, 
constructed with mathematical accuracy. It is perpendicular, and composed of a double 
scries of colls, placed end to end in such a manner that the encl of eaclj cell is closed by 
three waxen plates, each of which also assists in completing one of the cells of the other 
side of the comb. By this arrangement the greatest 
possible number of cells may be constructed in a given 
space with the smallest possible amount of material. In 
these cells the eggs arc laid. Here also the larvae aro 
brought to maturity by the care of tho workers ; and when 
no longer required as nurseries for the younjj, they are 
employed as a store for honey. Tho eggs which are*to fIr.V. 2.— Portion of the comb 
give birlji to males aro placed in cells a little larger than of the Hive Bee, with royal 
those of the workers. Those from which females, or cells} attaehed. 
queens, are to be produced, are deposited in cells of peculiar construction (Fig. 262) ; and 
the larvae are fed upon a different food from that of the workers. When the population 
of the hive has grown too large, a portion of the workers emigrate, accomp ani ed by a 
young queen ; this is terme<J swarming . Many other details relative to those interesting 
and valuable insects will ho found in the works of Entomological writers ; and we may 
refer the reader especially to the Introduction of Messrs. Kirby and Spence, which 
contains much interesting information on this subject. 
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Order XII.— -Strefsiptera. r 

We come now to a small order of minute insects which are parasitic in the interior 
B of numerous species of Bees and Wasps, 

^ Jyjf jp. afid the history of which is so singular as 

f ^ ave given rise, for many years, to a 

( — ) great deal of speculation amongst Ento- 
\ — j mologists. The males (Fig. 263 A B) are 

\ / ra ther elegant little creatures, furnished 

\ ' ^ ) with a single pair (the posterior) of large 

/ ///Uyjj \\\\ / membranous folding wings, the place of 

\ /' jfftSfm \\ ( the anterior wings being occupied by a 

\ JL wp oL \ ' J 4 pair of curiously twisted organs. The 

r\ « mouth is provided with slender jaws, and 
UfyL with a pair of palpi ; but it appears to be 

D doubtful whether the males take any 

/fyf Ajk nourishment after their arrival at the 

ifcjl perfect state. 

ft / A Jr The females (Fig. 263 D), which were 

> J long taken for the larvee, present the ap- 

Fig. 2C*3.— Stylops Dslii. • pearanee of soft maggots, furnished with a 

A, Male natural pisse*; B, magnified ; C, Bee with homy head, which they protrude between 

heads of female; Stylopa a projecting from be. fh norm on nf tho TW in wbiVh ihov nro 

tween the abdominal rings; D, female mag- ltlQ segments oi tne iiee m wiuen they are 

nified. parasitic (Fig. 263 0), the remainder of the 

body remaining concealed. On examining this it is found to contain a number of eggs, 

and to exhibit a broad canal running up to the head, on the under surface of which it 

opens. Through this opening the male fecundates the eggs, the female never quitting 

the body of the bee, ang the larvae are hatched within the body of their mother, from 

which they escapq by creeping up the canal above mentioned. In their earliest state 

they are active, little,* sil.-footed creatures, which wore long supposed to be parasites 

upon the Strepdiptcrous parasite. They attach themselves to -the bodies of B.ccs and 

Wasps, by whom they are thus conveyed into their nest. Here they bury themselves 

in the body' of the bee l^rva, and become converted into soft maggot r likc grubs, which 

continue to feed upon the substance of their victim until the latter arrives at its perfect 

state. 

The only further change which the female undergoes consists in the hardening 
of the hca«L.<{nd tho development of the generative organs. The male, however, becomes 
converted into a pupa within«thc skid of tho larva, the head of which also becomes 
horny, and protrudes like that of the female from between the rings of the Bee. When 
the male is ready to emerge, this horny piece is thrown off like a lid, and tie perfect 
insect quits his former residence. 

During their existence in this state, which is probably very short, the males arc 
very active, flying about in the sunshine with a buzzing noise. The antennae often 
exhibit very singular forms, being sometimes forked, or branched, and sometimes 
pectinated. The eyes aro generally very prominent ; tHey consist of but few facets ; 
and these are separated from qfAjh other by raised partitions, which give a curious 
cellular appearance to their surface. 
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The position of these insects in the system has always been a puzzle tq Ento- 
mologists, and can scarcely yet be considered settled. By somcf authors they have 
been placed amongSt the Hymenoptera ; by others amongst the Diptera ; by others as 
intermediate between these two orders, or between the second order and the Lepidoptera . 

In their general structure, however, they appear to approach the Coleopteraj amongst 
which they are arranged by some reScnt Entomologists ; and their proper position is 
probably between the Colcoptera and the Hymenoptera . 

ObDEII XIII. — CoLEOPTEBA. . 

• 

General Characters. — The leading characteristic of the vast order of Cdteoptera , 
or beetles, consists in the leathery *or homy texture of the anterior wings {elytra)^ 
which serve as sheathes for the posterior wings in repose, and generally meet in a 
straight lino down the back. The posterior wings are membranous and much larger 
than the anterior pair (see Fig. 180) ; they are^thc sole organs of flight, and are folded 
both longitudinally and transversely when not in use. They never exhibit the 
radiating folds and ncrvurcs which we have seen to be universal in the hind wings o t 
the Orthoptera . • » 

The mouth in the Coleoptera is always formed for biting, and perhaps exhibits the 
mandibulate type of structure in its liighesf perfection (see Fig. 178, p. 332). The 
labrum is generally distinct, although sometimes concealed beneath the front of the 
head. The mandibles are almost always strong, somewhat triangular, homy organs, j 
which, in the predaceous Beetles, are hooked and sharp at the points, and often armed 
with acute teeth on the inner margin ; whilst in many herbivorous species the inside 
of the basal portion is transversely ridged to fit the jaws for the comminution of vege- 
table substances. In some Beetles, which feed upon fluid matters, the mandibles arc 
dilated into membranous hairy plates. In some cases, as in the common Stag-beetle 
(Fig. 91), the mandibles are of great size, and some allied species have them still 
larger. 

The maxillae exhibit differences in form corresponding with* those of the mandibles. 

In the effrnivorous beetles they are usually acute and somewhat lfooked at the tip; 
whilst in the vegetable feeders they are generally blunt at the extremity* and frequently 
fringed with hairs. They are always furnished with one pair of palpi, consisting of 
three or four joints ; and in many carnivorous Beetles the quter lobe, ♦which was 
described as forming a hood-like covering in the Orthoptera ,* acquires the form of a 
second palpus. The labium is also furnished, with a pair of palpi, composed of from 
two to four joints. 

The other organs attached to the head are the antenn® and the eyes. antennae 

exhibit a great diversity of form, numerous examples of w^ich wjll be referred to in the 
sequeL They are generally composed of from nine to eleven joints, and are inserted 
upon the forehead between the eyes, sometimes close to those organs, sometimes more 
j in the middle of the head. Compound eyes exist in nearly all Beetles ; they are placed 
on the sides of the head, and arc generally of a more or less spherical form, sometimes 
oval or kidney-shaped, and in a few cases divided into two parts by an elevated ridge ; 
so that the insect appears to have four eyes ; whilst in a few Beetles, inhabiting caves 
or other subterranean situations, the eyes are entirely wanting. 

The thoracic segments aro always distinctly septrated. The prothorax is usually 
of considerable size, and bears the first pair of legs. The meso- and metathorax bear 
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tho otfier two pairs of legs, and tl 10 elytra and wings, beneath which their upper 
surface is entirely Concealed, with the exception of a small triangular piece of tho meso- 
thorax (the scutellum ), which is usually visible at the base of the* suture. The elytra 
generally cover the entire dorsal surface of the body, to the apex of the abdomen, and 
the upper portion of these segments it* then of a soft and somewhat membranous 
texture ; but in some cases the elytra are shorj, leaving a greater or less portion of the 
abdomen uncovered ; this is then equally horny on both surfaces. In some cases tho 
wings are wanting, when the elytra arc not un frequently completely soldered together 

The legs are nsually constructed exclusively for walking; but in some cases tho fore 
legs are converted into fossorial organs, and! in others tho hind legs are flattened for 
swimming, or furnished with thickened thighs for saltatorial purposes. The tarsi are 
generally composed of five joints ; and this appears to be the normal number. • The 
number varies, however, in different groups, from two to five. 

The metamorphosis of the Cofojptera is as complete as in the Lepidoptera and 
Uymenoptera. ^ly* larva is usually i* soft fl&shy grub ; although the texture of its 
integuments is often leathery, or even somewhat homy, especially in the rapacious 
species. The soft larva) are almost always furnished w’ith a homy head, armed with 
distinct jaws, and usually furnished? with simple eyes. They are generally furnished 
with six thoracic legs (although these are sometimes wanting), and frequently also with 
anal pro-legs. The pupae are free and quiescent. 

This order includes /in immense number of Bpccies. It is supposed that between 
thirty and forty thousand are already known ; and it cannot be doubted that many more 
still remain to be*discovered. 

This multiplicity of speciesf has necessitated the formation of a great number of 
groups ; and so complicated is the classification of the Colcoptera , that (although, with 
the exception of the Lepidoptera , no other order of insects has so much engrossed the 
attention of Entomologists,) it is still in rather an unsatisfactory state. Latreillc divided 
these insects into four principal sections, characterized by the number of joints in the 
tarsi ; and although tl^js character is liablo to many exceptions, and can only be 
regarded as applying to the majority of the insects in each group, yet, as it furnishes us 
with the best means «oft effecting the general division of the order, we shall follow it 
hero to a certaki extent. In tho largest of these sections, the greater number of the 
insects have five joints in the tarsi ; these form the section Pentamera . In a second 
group, the 'Jleteromera, most of the insects have five joints in the tarsi of the two 
anterior pairs pf legs, whilst the posterior tarsi are composed of only four joints. In 
tho Tctramcra all the tarsi are usually four-jointed, and in the Trimera three-jointed. 

Section I. — Trimera.. 

* * 

In this section, which only includes a single tribe, tho tarsi apparently consist of 
three joints ; although a fourth minute joint really exists at the base of tli£ last joint, 
concealed within the bilobed apex of the second. Prom this circumstance Mr. Westwood 
hna proposed the substitution of the name Pseudotrimera , for that of 2'rimera . The 
antennae are short and usually clavate ; the maxillae bilobed, with shortish palpi, 
usually terminated by a hatchct-shaped joint ; and tho body is either oval or hemi- 
spherical, and very fiat beneath. • * 

An excellent example of thisitribe of Beetles is afforded by an insect that must have 
been familiar to most of us f r ora our earliest years, — the Common Lady-bird ( Coccinella 
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7 -punctata). The numerous species of Coccinellce feed principally upon Aphides , both 
in the larva and perfect states. The larvae of our common species sltg constantly to be 
njet with on plants infested by Aphides ; they are of a slate colour, with yellow 
tubercles and spots, and furnished with six well-developed legs. They attach them- 
selves by the tail before changing to the pupa, state. The colours of the pcrfqpt insects 
run from red or yellow, with or without black spots, to black, with or without red or 
yellow spots ; and as all this variety df colour may occur in individuals of the same 
species, the determination of tho species in this group is excessively difficult. When 
touched or disturbed, the Lady-birds draw their legs close up to t^e body, emitting at 
tho same time a yellow and somewhat aciid fluid, which, adbording to some writers, is 
a specific for the tooth-ache. # 


Section II. — Tetramera. 

The majority of the insects, composing the threo tribes included in this section, 
have only four apparent joints in all tile tarsi, Jthe true fourth joinl^being reduced to a 
very small size, and concealed within the one preceding it. As this joint exists, 
however, Mr. Westwood has proposed tho addition to the name of this group of the 
same prefix as to the Trimera ; he accordingly calls these insects TseudoUtramera . • 

In the first tribe, tho Phytophaga , the body is usually mi a more or less ovate form, 
generally very convex, rarely elongated the head is short, not produced into a snout, 
immersed in the thorax up to the eyes ; the antennae aro |hortish, usually thread- 
shaped, or slightly clavate ; the mandibles are sinal^ the maxillae bilobed at the apex, 
with the outer lobo often jointed and palpiform ; the palpi are short* 

These insects rarely attain any great size, and many of them are very minute 
their colors, however, especially- in the larger exotic species, aro often very splendid ; ir 
some cases, perhaps, exceeding in brilliancy those of any other Beetles. They feed upor 
plants, both in the larva and the perfect state ; and many of them do great damage 





Fig. 264. — Chrysoniola populi. a , Larva ; 
6, Pupa ; r. Imago. 


Fig. 265.— Turnip-fljf; natural size 
and magnified. 


to crops. The Turnip-fly {Haltica nemorutn , Fig. 265), one of the mos^pdestructivo 
species, belongs to a group in which the posterior thighs are much thickened for 
jumping. 

Tho most singular insects belonging to this tribe are the Cassidida*, or Helmc 
Beetles (Fig. 267), in which the body is rather flat, margined all round with dilatations 
of the thorax and elytra. The dilated portion of tho former completely conceals even 
the head. They are slow-moving animals, which always draw up their limbs and 
mimic death when disturbed. Their larvae are furnished with a caudal fork, pro- 
jecting forwards over tho back.* Upon this they collect their excrement, which thus 
forms a portable shelter* 


ORGANIC NATURE. — No. XXV. 
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The insects of the tribe Longteornia are generally ^distinguishable from all other 



Fig. 266. t Fig. 267. 

Fig. 266.— Acnnthociniw apeculifer. 

Fig. 267.— Cassida viridis, in ita different states, a, larva ; 6, the same on a leaf, whli its cover- 


ing of excrement ; c, pupa ; d, perfect insect. 

o 

Beetles by tho gje*t length of their antennae (Fig* 266), which arc usually considerably 
longer than the body. The body is usually elongated in its form ; the head is never 
produced into a rostrum ; the mandibles arc large and prominent, and the labrum is 
usually distinct. • 

Most of these are large and elegant insects, often adorned with splendid colours, or 
armed with spines upon the thorax and other parts of the body, which render their 
appearance curious and even grotesque. 

Their antennae are usually filifrrm, or tapering towards the extremity ; but in some 
cases they arc toothed or pectinated, .and, in a few, adorned with singular tufts of hair. 
The legs are long and formed for walking, but often exhibit curious modifications ; tho 
elytra and wings are well developed. ^ 

One of the handsomest British Beetles is the Cauiehroma moschata (Fig. 180), 
belonging to this tribe. It is also distinguished by its peculiar musky odour. It is 
of a fine metallic green colour ; but many exotic insects nearly allied to this, arc far 
more splendid in appearance. 

The larvae of these insects live in timber, often doiifg enormous injury to trees by 
eating large passages' through the solid wood. They are soft, fleshy grubs, 'generally 
widened in front, almost destitute of feet. They appear to live in this condition for 
several years, and afterwards probably pass a considerable time in the pupa state, as the 
perfect inserts have baon known to eat their way out of timber which had been for 
Borne time worked up into furniture. These Beetles generally produce a sharp grating 
sound, by the friction of the back of the prothorax upon the base of the scutcllum. 

The JRhynchophora , forming the third tribe of Tetramorous Beetles, are distinguished 
by having ,£fte front of tho head produced into a snout or rostrum, at the extremity of 
which the mouth is sifuated* The antennas are placed on the sides of this rostrum, 
sometimes at the base, sometimes at the apex, and in all intermediate positions. They 
are generally gcniculated ; that is, furnished with a long basal joint, at the extremity of 
which tho remainder of the antennae, which consists of shorter joints, is bent. The 
extremity of the antennae is more or less clavate. Tho tarsi are four-jointed. 

The larvae are soft, footless grubs, which usually live in tho interior of tho stems, 
fruits, and seeds of plants, to which their ravages are often very injurious. Amongst 
these the Com- weevil ( Calandra granaria) holds the first* place, as its larva frequently 
causes great damage in granaries One of the commonest species is the Balaninus 
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nuettm (Fig. 2G8), or Nut- weevil, the parent of the little white grubs # so frequently met 
with in filberts and ojher nuts. This 

infect has the longest rostrum of any - 

British Bhynchophorous Beetle, and mm 

by means of this the female is said 

to cat a small hole in the young nut ® B 

whilst its integuments are still soft. 

Here she depositsan egg, and the larva 
when hatched eats its way into the # 
interior of the kernel, where it con- 

tinues to reside until it has arrived • ^BBCJKk* 

at maturity. It then eats its way ^BW*^ 

out of the nut, and falls to the ground, t 

into which it burrows, and there un- . * 

, •Fipr. 268.--A, a branch of the Albert tree ; a, a healed 

dergoes its transformation to the wound caused by the introduction 9t the epp of the 

puna state, which, however, docs Nut- weevil ; />, extremity of the nut ; e, exit hole of the 

* 7 . - . .« , prub; B, the grub of the nut-weevil ; C, the pupa of 

not take place until the commence- the name ; D, the perfect insect ( Balaninus nucum ). 

ment of the second summer. The * 

history of the other species of the tribe appears Jo be very similar, although many pass 
to the pupa state attached to, or inclosed within the substances upon which they have 
been feeding in the larva state. ' 

Most of the Rhynchophora arc more or less coventd with minute scales, somewhat 
resembling those with which tho wings of the Lepidoptera are clothed ; and these, in 
many cases, exhibit a splendour of colour scarcely, if at all, inferior to that of the most 
gorgeous of Butterflies. Even, amongst our small British species, several of great 
beauty are to be met with on every bank of nettles ; and few insects can boast of greater 
magnificence than the well-known Diamond Beetle of Brazil ( Curculio imperial™). 

The insects just referred to, all possess geniculated antennae ; but the habits of 
those with straight antennae differ but little from those of their allies. One of the best 
known is the Bruchus pisi, the larva of which is very common in" the sqeds of the pea^ 
and to sucli an extent does this insect abound in some localities, •th&.t it has sometimes 
occasioned the entire destruction of the pea crops. Another species, Rhynchite Bacchus , 
attacks the buds and leaves of the vine, to which it often docs immense injury in the 
wine countries of Europe. / 

A considerable number of the true Rhynchophora burrow in their larvaastatc into tho 
stems of trees, often forming holes of 
considerable diameter in the solid wood. 

They are, however, completely outdone 
in this respect by the insects of the fol- 
lowing sub-tribe, which have received 
the name of Xylophaga , from their con- 
stant habit, both in the larva and perfect 
states, of boring into tho solid wood of 
trees. In their general structure they 
resemble the Rhynchophora ; but their yip. 2P9— 1, 2, Tomicus typographic. 3, 4, Hy- 

hcads are broad and flat, not distinctly piniperda (natural size and magnified). 

, , , 5,6, Larva and pupa of Hylurgus. 

rostrated, and the antenniB are inserted 

beneath the lateral margins of the head. Although these insects are of small size, 
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Fip. 2F9.— 1, 2, Tomicus typopraphus. 3, 4, Hy- 
lurputt piniperda (natural size and magnified). 
5, 6, Larva ^id pupa of Hylurgus. 

Although these insects are of small size, 
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the dp-mage which they occasion in forests is often enormous. The Scolytm destructor , 

a common British species, destroys 
great numbers of elm-trees ; liut 
the ravages of some other species, 
in the pine-forests of Germany, aro 
almost incredible. Of thGso the 
commonest are the Tomicus typo- 
graphy and the Hylurgus piniperda 
(Fig. 269). The former receives 
its name of the Typographic Beetle 
from the circumstance that the 
burrows formed by it , jn feeding 
upon the soft wood, immediately 
within the bark, often present a 
rude resemblance to printed cha- 
racters (Fig. 270). The devastations 
of these apparently contemptible foes arc sometimes so formidable, in the pine-forests of 
Germany, that prayers for their restriction arc offered up in the churches ; and we are 
told that, in the year 1783* at least a .million and a half of trees were destroyed by 
these insects in the Hartz forest alone. 

Section III. — Heteuomera. 

Nearly all the insects of this section of the Colcoptera have four joints in the posterior 
tarsi ; whilst the other four feet are composed of five joints. They are divided by 
Mr. Westwood into two tribes — the Trachelia , in which the head forms a distinct neck 



Fig. 270. — ¥*ittck of Tomicus typography. 


behind the eyes, and the Atrachelia y which possess no distinct neck, tho head being 
immersed up to the eyes in the thorax. 

The Trachelia are generally active diurnal insects, frequently adorned with gay 

colours. Their bodies are often 
* soft, the elytra flexible, and 
sometimes much shorter than 
the abdomen. To .this tribe 
belongs tho Blister-fly (Lytta 
vesica tor ia, Fig. 271), the im- 
portant medicinal uses of* 
which are so well known. 
These insects are common in 
the south of Europe, and 
Fig. 2H LylLa vesieatbria.’ specimens have occasionally 

been met with in England; 
they feed principally upon the ash. Many other insects belonging to this’ tribe also 
contain a substance which has the effect of raising blisters when applied to the skin ; 
and these arc employed in their native countries in place of the Lytta vesicatoria ♦ The 
species of Meloe, several of which are found in Britain, possess this property ; which, 
however, seems in all cases to incrcaso in intensity in proportion to the heat of the 
country in which tho insects live. The species of Mclcte hro soft, sluggish Beetles, with 
short elytra and no wings, whiclj Snay be found crawling about amongst the grass, in warm 
sandy places, in the early summer. The young larvas, on first leaving the egg, closely 
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resemble those of the Strepsiptera already described (see p. 398)'; and as they attach 
themselves in the same way to wild bees, it is supposed that they are afterwards 
parasitic upon the bee larvae. Hence some entomologists regard the Strepsiptera as a 
group of Coleoptera nearly allied to these. The curious Ripiphorus paradoxus — a small 
Beetle also belonging to this group — is parasitic in the nests of the common Wasp ; and 
many other species appear to bo parasitism their larva state. One of the most beautiful 
of the British species is the scarlet Pyrochroa rubens , which is found about hedge- 
banks in the neighbourhood of London. In the Salpingidce , which appear to connect 
this group with the preceding, the front of # the head is produced int£> a short snout. 

The Atrachelia are generally black, or of dull colours, nocturnal in tlteir habj£s, and 
slow in their motions, usually crawling upon the ground in 
obscure situations. A few are found upon trees and plants ; 
and these, in their structure, evidently approach the pre- 
ceding tribe. * 

A very good example of this group is furnished by the 
common Blaps mortisaga (Fig. 272), which bears the not 
particularly inviting English name of the Churchyard 
Beetle. These insects arc generally found in dark and 
dirty places about houses, in cellars and similar situations? 

Another species is the Ttmebrio molitor , of which the larva, 
found in flower, meal, &c., is well known as the Meal- 
worm. Other species live under the bark of treem and „ , 

in decaying vegetable matter; but comparatively few are {Blaps mortisaga), 

found in this country. 

Section IV. — Pentamera. 

It is in this section that we find the greatest variation in the number of joints in 
the tarsi. A great number of the insects of which it is composed would require to be 
distributed amongst the preceding sections, if we allowed none .but truly Pentamerous 
beetles to be arranged here ; th?se, however, are exceptions to the gci^sral rule, and the 
majority of the insects placed in this section have tarsi composed cflf five distinct joints. 

As tli£ number of Pentamerous Beetles is very great, and they exhibit if corresponding 
diversity of structure and habit, their subordinate divisions are, of course, very nume- 
rous. They may, however, be divided into eight principal tribes f *of which sfx have the 
outer lobe of the maxi 11m of the usual form, whilst in the other two it^is jointed and 
palpiform (sec Fig. 171, c). Of the former, th e.Serricomia are principally distinguished 
by the structure of their antennae, which are usually rather elongated, filiform, or 
tapering towards the extremity, and serrated or pectinated. The penultin&fcc* joint of 
the tarsi is often bilobed. 

In some of these insects, forming the sub-tribe Malacodermata , the body is usually 
soft, and tlfc insects, in their general form, present a considerable resemblance to many 
of the first group of Hetcromera. They are further distinguished from the Sternoxia , 
forming the second sub-tribe, by having the prostemum of the ordinary form, and not 
produced into a Bpine posteriorly. Many of these, such as the insects well known to 
children ns Soldiers and Sailors ( Telephori ), are predaceous in their habits, whilst others 
are wood-borers, and some food on dry animal substances. Of the wood-boring species, 
one, the Lymexylon navale , infests oak timber, to whit]} it frequently does incredible 
mischief *in dockyards. It is common in the north of Europe, but appears to be rare * 
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in England. Other species, which also bore into timber in their larva state, arc well 
known by the name of the “ Death Watch 99 [A.nobium, Fig. 273), from their habit of 
making a ticking noise by knocking with their jaws against the woodwork upon which 
they are standing. They are little creatures, which often do great damage to furniture 
in houses. When touched, they contract their legs and counterfeit death,—- a piece of 
mimicry which they are said to keep up e^n when exposed to a heat sufficient to 





Fig-. 273. — Anobium striatum, natural 
size and magnified. 


Fig. 274. — Glow-worm (Lampyris noctiluca), 
male and female. 


roast them. To this group also belongs the Glow-worm (Lampyris, Fig. 274), whose 
lamp has so often boen tho theme of the poet’s song. The female alone is lumi- 
nous. It is a flat, gray/ sh -brown creature, quite destitute of wings. The male, on the 
contrary, is active, and flies w<*?l ; and tho luminosity of the female appears to be 
intended to attract her volatile companion. The larvae of somo species of tho genus 
Clerus iive parasitically in the nests of Bees and Wasps, feeding upon their larvae. 

In the Stcmozia the prosternum is produced in front into a lobe, and behind into a 
spine, which is received in a small cavity of the me so sternum. By the assistance of this 
apparatus (the spine being drawn out of its groove and then suddenly brought into it 
again) many of these insects (the Elateridce) arc enabled to execute considerable springs, 
when laid upon their, backB. Tho larvae of somo species arc wood-borers ; those of 
others live in rotten Wood ; and some inhabit the ground, feeding upon the roots of 
plants. One of thcr latter is well known to agriculturists as tho Wire- worm. 

Some of these insects are luminous int the dark. They are the Fire-flies of tropical 
countries. The light is emitted from two large oval spots on the thorax. Others are 
remarkable for the metallic splendour of their colours ; of these [Buprestidcc] very few 
are found in, Europe; but the exotic species are numerous, and 'often attain a large 
size. 

The vaBt tribe of the Lamellicom Beetles ( Lamelltcornia ) is characterized by having 
the aiifci^r&e terminated by a club, composed of several leaf-like joints, laid together 
like the leaves of a hook, c This tribe includes an immense number of species, some of 
which are amongst the largest and most splendid of insects. In the Stag Beetle 
{Lucanus cervus, Fig. 91), the leaves are short and distinct, rendering the* club pecti- 
nated ; whilst in the common Cockchafer ( [Melolontha vulgaris) they arc of considerable 
length, especially in the male, and fold up like the leaves of a fan. These insects fly 
well, but heavily, with a loud whirring noise ; but they generally crawl slowly. The 
larvae are thick fleshy grubs (Fig. 275), furnished with a distinct head, and with six 
jointed feet, and have the hinder part bent down. They live in very various situations, 
in dung, in decaying vegetabj^ matter, and in the earth, feeding upon roots. They 
usually pass several years in the larva state, and change to the pupa in the 'interior of 
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a sort of cocoon, formed of particles of the surrounding materials, agglutinated together 
bj a sticky sccretioij (Fig. 27*5). 

Many of the perfect insects are found in the same situations as their larvae, espe- 
cially in the case of the Dung- 
feeding species. Of those which 
live in rotten wood, many, like 
the beautiful Rose-chafer of our 
own country (Fig. 275), and its 
still more splendid foreign allies, 
frequent flowers in their perfect 
state ; and the common Cockcha- 
fer, *the kqjva of which feeds upon, 
and often docs great mischief to, 
the roots of plants, lives entirely 
upon leaves, after it has under- 
gone its last change. 

Many of the Dung-beetles, 
amongst which the Sacred Beetle 
of the Egyptians (Fig. 27<»), 
holds a prominent place, are re- 
markable for inclosing their eggs 
in a small pellet of dung, which 
they then roll along with their Fi &- 2”.-Larva, P.^an^Iinapn.t.f the Rose-beetle 

hind legs, until they drop it into 

a hole which they have dug for its reception. Others, like the common Geotnipidco and 
Aphodiidat of our own country, are contented with depositing their eggs in the midst 
of a plentiful supply of food. The forms of some of these insects are extremely curious ; 
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In r »;lie Helocera , wliicli appear to make the nearest approach, both in structure and 
habits, to the Laincllicom Beetles, the antennae are terminated by r a knob, composed of 
several joints, which are sometimes pressed closely together, and sometimes loosely con- 
nected, so as to give the club a serrated .appearance. They aro further distinguished 
by their flattened contractile limbs, each portion of which folds closely upon its 
neighbour ; the whole, when thus reduced to the smallest compass, being received in 
cavities of the lower surface of the body. This position is always assumed by these 
Beetles when alarmed ; and, from this assumption of a death-like attitude, some of the 
commonest species iavo received the name of Mimic Beetles, These insects, both in the 
larva and perfect states, arc commonly found in cow-dung ; a few also inhabit rotten 
wood ; some are to be met with under the bark <sf trees, and a few in carrion. This 
tribe includes two groups : — the Histeridw , smallish insects, generally of a black colour, 
with geniculated antennae, and the elytra rather shorter than the body, which is usually 
of a square form ; and the Byrrhidee , with straight antennae, and the elytra as long as 
the abdomen. The latter are of a roudd or oval form, whence they have received the 
name of Pill-heetles. 

The next tribe, the Necrophaga , includes an immense number of small and moderate 
sized insects, which live for the most part, both in the larva and perfect states, in 
decomposing animal and vegetable substances. A good many are also found under tho 
bark of trees, and in Fungi . Like the preceding insects, these have clavate antennee, 
but their legs are not contractile. The nearest approach to tho preceding tribe is made 
by the Dermestidce, small Beetles, •clothed, like the Byrrhidce, with minute hairs, which 
often da great damage to skins and furs, and other dry animal matter. The commonest 
species, Dermestes lardarius , has received its specific name on account of the fondness 
exhibited by its curious larva for bacon. 

Tho largest and most interesting insects belonging to this tribe, are those of the 
family Silphidce , which includes the Burying Beetles ( Necrophori , Fig. 278) and their 
allies. The Burying Beetles are prompted by their instinct to bury any small animals, 
or pieces of carrion, as a provision for their young. In many cases several of them set 
to work together* getting under the animal to be buried, and digging the earth out with 




Fig. 23*6'.— Burying Beetle ^Nceroph^us). Fig. 279. — Ilydrophilus Caraboidcs. 


their feet. In this way they will quickly bury animals many times their sije, such as 
mice and small birds. These insects are not uncommon. They run and fly well ; and 
some of them are adorned with bright orange-coloured bands ; but they diffuse a most 
abominable odour, arising probably from the nature of their food. 

The insects of another small tribe, called Philhydrida, from their generally aquatic 
habits, also have clavatc antennee, but these are usually very short, whilst the maxil- 
lary palpi are of great length, and often longer than the antennee. Most of these 
insects live constantly in the water ; and their legs are generally more or less flattened, to 
render them efficient as natatory organs (Fig. 279). One of the largest Brit£sh*Bectles, 
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the Hydrous piceus , which is not uncommon in ponds in some localities, belongs to this 
fc^be. It also includes a group of small hemispherical Beetles (the Spheeridiidcc ) , which 
constantly inhabit dung. The aquatic species arc carnivorous in their habits, and the 
larger ones will often attack young frogs an<J fishes. 

We now come to a group, the location of which has given much trouble to entomo- 
logists, as, although it is undoubtedly nearly allied to the Necrophaga , its introduction 
in the neighbourhood of that tribe always uppers to interrupt some natural affinities. 
The active predaceous habits of some of the larger species, of which the Goerius olens 
(Fig. 280) is a very common example, se^m also to point ten an alliance with the truo 
carnivorous Beetles ; and, on * r » , 

the most natural position for 

these insects. They arc cha- ^ 

tribe, refers to this character^ 

The wings, however, arc Fi^SO.-Goerhis olens. 

usually ample, and the insects fly well. They arc generally of an elongated form ; 
and the abdomen, which is homy on both surfaces, possesses great mobility. It 
assists in tucking the wings under the elytra after flight ; and the insects generally 
raise it when alarmed or angry. This attitude has obtained, for the insects 
figured above, the appropriate name of Cocktails . The derivation of their other vulgar 
denomination, JDeviVs Coach-horses , is not so clear. The larv® are very similar to the 
perfect insects, both in appearance and habits. Many of them Ceed in carrion ; others in 
rotten \tood, and other decaj^ing vegetable matters. The number of joints in tho tjirsi 
varies greatly, but five is the prevalent number. * 

In the two following tribes, which close the series of Coleopterous insects, the outer 
lobe of the maxillae is jointed and palpiform, bo that these insects appear to have six 
palpi. They arc pre-eminently carnivorous and rapacious in titfeir habits. 

The former, constituting the tribe Uydradephaga , are characterized by their some- 
what flattened oval body, and by having the legs, especially the hinder pair, compressed 
and fringed with bristles, so as to become powerful paddles. Many of these insects 
are of considerable size, the Dyticus marginalis (Fig. 281), a species very* common in 
ponds, attaining a length of more than an inch ; whilst Aany foreign species are much 
larger. ^ho larva is of an elongated form, tapering towards the tail, which bears a 
pair of tubular ciliated appendages, which tho creature applies to the surface of the 
water to obtain a supply of air for its respiration. It is as predaceous as its parent, 
seizing upon other aquatic larvae with its long curved mandibles, and quickly sucking 
the juices out of the body of its victim. These mandibles are perforated throughout, 
and it is through these tubes that tho larva sucks its nourishment. When about to 
change to the pupa state, the larva burrows into the bank of its native pond, and there 
undergoes its transformations. The well-known Gtyrini, or Whirligigs — little black 
Beetles, which may be seen describing circles upon the surface of any piece of water— 
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aro also placed in tips tribe, although their claim to such a position is rather doubtful. 



Fig- i81.— Dyticus marginalia. 
A, larva ; B, perfect insect. 


Fig. 282. — CarabuB. 


The , insects of the last tribe, the Geodephaga , resemble those of the preceding group 
in their carnivorous propensities, and in the structure of their mouths ; hut their legs 
arc always constructed for terrestrial progression. They aro exceedingly active, and 
often beautiful insects generally nocturnal in their habits, concealing themselves 
during the day under stones and iji holes in the ground. The larvae are elongated, 
flattened, and usually covered with a homy integument. In their predaceous habits 
they resemble the perfect insects. 

The insects of one family, the Cicmdelidic , which have received the name of Tiger- 
beetles, from their eminently predaceous propensities, are more diurnal in their habits 

than the rest of the tribe ; the common English species, 

f TV V'** Cicindela campcatris (Fig. 283), may he found flying 

'V and running about with great agility in the hottest 

10/ sunshine. This insect is of a beautiful green colour, 

with whitish spots ; and its mouth is armed with a 
It fit' m\ most formidable pair of sharp, toothed jaws. The 

v /fir 0 0 V larvae are of a singular form ; they live in holes in the 

f | xt*/ Jl \ ground, maintaining themselves by means of a pair of 

JL hooks placed on the enlarged eighth segment of their 

j\ \ body, at such a height that their heads exactly occupy 

ft the mouth of the hole. Here they lie in wait for their 

k « prey, which consists of other larvae ; and the moment 

Fig. 283.— Cfclndela campeutris. ^ one these approaches their den, they rush upon it 

with the greatest ferocity, and bear it off in their jaws. 


DIVISION IV.— MOLLTTSCA. 

General Characters. — The Molluscous division of animals consists of crea- 
tures whose bodies are universality of a soft consistence. They are inclosed within a 
•oft, flexible A™, called the mantle , which possesses great contractile power ; and their 
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motions are principally performed by the extension and contraction of part of their 
substance. The symmetrical arrangement of all the organs on eftich side of & central 
Ane, so remarkable in the preceding division, here almost disappears, or is ojjly recog- 
nizable in the position of tho organs of sense attached to the head. The nervous 
system consists either of a single ganglion, giving off filaments to the various organs of 
the body, or of several ganglia, placfcd^ somewhat irregularly in different parts of the 
body, communicating by nervous threads with a larger mass placed in the head, or in 
the neighbourhood of the oesophagus. This mass consists of several ganglia, of which 
the more important, constituting the brain, are placed abov^ the ossophagus. These are 
generally accompanied by other ganglia placed below that organ, which are united by 
filaments with the supraoDsophageal ganglia, or brain ; thus forming a ring sui^ounding 
the ossophagus. The supraoosophageal ganglia furnish the nerves to the special organs 
of sense placed upon the head. The ganglia belonging to the different organs of tho 
body communicate with the ring surrounding the oesophagus. 

Most of the Mollusca possess speciiH drgan* of touch, in the shajjp of tentacles, arms, 
or lobes, situated on the head or in the neighbourhood of the.moutfi, or of cirri upon 
other parts of the body. In addition to these organs, the skin, which is always soffc y 
appears to possess great sensibility. The tentacles of the Mollusca, are either tasvo or 
four in number ; they are capable of being ^completelysretraoted into the head by a 
process very similar to the turning in of the finger of a glove, and are again exserted 
by reversing the process. The eyes, when present, are t^o in number, sometimes 
placed immediately on the head, sometimes supported at the extremity, or on the sides, 
of the tentacles. In the highest class the visual organs attain a perfection equal to that 
exhibited by the fishes, — the lowest class of vertebrated animals. * 

In some of the lower Mollusca small coloured points are met with, sometimes singly 
in the neighbourhood of the brain, sometimes in considerable numbers on the edges of 
the mantle. These, from their structure and appearance, have received the denomination 
ot ocelli , and have been regarded as rudimentary eyes, — a determination which, although 
it may be correct in some instances, is very doubtful in otheiy. It is remarkable, also, 
that many species, which are quite destitute of eyes when arrived at their mature form, 
are furnished with those organs at their first issuing from tln^cgg. * • 

Aiylitory organs appear to be possessed by nearly all the Mol- • ife 

lusca. They usually consist of small vesicles placed close to the v Mf/ 
cephalic ganglia, containing a clear fluid and a small oalcarqpus 
concretion ( otvlitfie ), whioh is sometimes of a roundish, sometimes 
of a crystalline figure, and is in a perpetual state of vibration. wBBBr 
The senses of smell and taste also appear to be exercised, to a 
certain extent, by most of these animals ; but whether any organs 
specially devoted to these functions really exist, mu|t still, be 
considered doubtful. 

The ’movements of the Mollusca are generally executed by fMsSSjm 
means of a muscular organ, called the foot, which varies greatly 
in its form, in accordance with the habits of the creature. The 
foot consists of a mass of muscular fibres, running in various 
directions, by the contraction of which its movements are effected. Fig. 284. — Conus 
In a great number of Molbtsca the foot forms a flat disc (Fig. hebraicus. 

284), which adheres to any substance to which its may be applied, and thus, by the 
alternate contraction and dilation of its different parts, enables its possessor to crawl 
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slowly (dong. In others, the foot is hent upon itself, so that its sudden extension 
causes the animal to perform a considerable leap. The foot is also the agent by means 

of which the burrowing species buiy 
themselves in the sand or mud ; and 
in the species whose instincts lead 
f thcm to bore into the solid rock, it is 
also called into requisition : its sur- 
face in these cases being covered 
with minute silicious particles, which 
assist greatly in the enlargement of 
its owner’s stony dwelling. But 
Fip. 283. Finna, with its bvssus. although most Mollusca possess a 

greater or less power of motion, others arc confined to a single spot, during all but the 
earliest period of their existence. Th°cse have no occasion for a foot, and in them this 



Fipr. 286. — Octopus llawaicnais.* * 

organ is either wholly undeveloped (as in the oyster), or serves merely to support a 
glandular organ, from which a silky matter (called the byssun) is secreted, which serves 
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to attach the animal to submarine objects. This modification occurs in the ^ommon 
Mussel {My tilm cdulis ) ; but it is still more remarkable in the Vinncc (Fig. 285), in 
Which the silky matter is of a very fine texture, and so abundant that it is woven into 
small articles of wearing apparel, such as gloves and stockings. 

In the highest class of Mollusca , the Cephalopoda , the mouth is surroiftidcd by a 
variable number of arms (Fig. 28G), Vjiich not only servo as organs of, motion, but for 
the capture of prey. To render these efficient prehensile organs, they aro covered on 
the inner surface with numerous cup-like sucking organs. 

The intestinal canal in the Mollusca presents almost ev^ry variety of form, from a 
simple cavity to a complicated intestine. It is, however, always furnished with two 
openings, a mouth and an anus, the, latter being frequently situated on the siSe of tho 
body, not far from the anterior extremity. The liver is always of great size, generally 
enveloping all the other intestines. 

The circulation of the blood is effected by meftns of a distinct heart, which usually 
communicates with a regular vascular ^sjfWtern q but, in some instaac^s, the circulation 
takes place in a system of sinuses or cavities amongst the organs of tho body. In tho 
former case the heart is often composed of two or more chambers, from which largo 
arteries arise to convey the blood to the various organs. It is again collected ih tho 
veins, through which it passes to the neighbourhood of the rcspiratoiy organs, whero 
it is aerated by contact with the surrounding medium, and then passes to the heart. 
As most Mollusca arc aquatic in their habits, their respirations almost always effected 
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Fig. 287.— Organs of circulation and respiration in the Cuttle Fish (Sepia). 
e, heart ; as , superior artery ; a, ventral artery, with its branches av ; vc, principal vein, or 
vena cava ; cb , branchial hearts ; ftr, branchiae ; vb, branchial vein : bu, bulb of branchial 
vein; oft, branchial arteries ; vv, ventral veins. 

by means of branchiae (Fig. 287). These aro usually composed of a series of minute 
laminae, or of broad plates, over which the water fio&$. They are sometimes attached 
to the surface of the body but generally inclosed within the mantle, or placed in a 



SUKLLS OF MOLTUSCA. 

i 

cavity ifi its interior, called the branchial or respiratory chamber . The water necessary 
for respiration is sometimes drawn into this cavity, and again expelled by muscular 
contraction. In this case its recoil frequently serves to drive the animal slowly 
through the water, and some species swim with great rapidity in this manner. In 
other easel, the inner walls of the canals, through which the water passes, are lined with 
cilia, by the action of which a constant current is kept up. Not unfrequently these 



Fig. 288.— PsamiLobia, with long siphons. 


canals are drawn out into tubes (Fig. 288), called siphons , which are often of great 
length in the burrowing species. , 

The air-breathing species,, of which the common Snails and Slugs are well-known 
examples, are furnished with a pulmonary sac or lung, into which the air penetrates ; 
and where it comes in contact with the blood contained in the numerous vessels with 
which the walls of the sac are supplied. Many of these animals live in water ; but 
they are compelled to come to the surface to breathe ; and all of them appear to require 
a moist atmosphere. 

Most of the MoUusca are protected by a hard calcareous covering or shell, which is 
secreted by the mantle, and is gradually increased in size, in proportion to the growth 
of the animal. In many this is composed of a single piece (Fig. 289), which is usually 
a spiral tube, gradually increasing in size towards the open extremity, from which the 
anim al protrudes itself when in action. Shells of this description are called univalves . 
In others the shell is composed of two pieces or valves (Fig. 290), attached to each oilier 



at one point by a hinge, which is usually furnished with' an elastic ligament, serving to 
open the valves, when the tenaitfi of peculiar musclcp, whose office it is to keep the 


shell closed, is removed. This is denominated a bivalve shell. These differences in the 
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Structure of the shell correspond with differences in the conformation of the animals. 
The bivalve Mollusca exhibit no traces of any distinct bead; whilst, in the unjyalves, 
this part of the bofly is well-marked, and usually furnished with special organs of 
sense (tentacula, eyes, &c.) 

The older naturalists also recognised a group niultivalvo Bhclls, or shells composed 
of several valves. The majority of tljese belonged to the Cirrhopod order of Crustacea 
(page 296), which were regarded as Mdlusca by the earlier observers. • The Pholades , 
however, which in othfcr respects are true bivalve Mollusca , are furnished with a pair 
of accessory plates in the neighbourhood of the hinge; whilst th^ Chitons (Fig. 291), 
a small but singular group of Mollusca , nearly 
allied to the univalve Limpets, have an oval 
shell composed of eight moveable plate which 
give them* a great resemblance to enormous 
Woodlioe ; and they have been regarded as 
forming a sort of transition towards the^Axti- 

culated Division. * • -<»•—' Chito»(«ido view). 

Many Mollusca. arc not furnished with a shell, or have only £ small calcareous plate 
inclosed within the mantle. These are called naked Mollusca ; but it is remarkable that 
most of them are provided with a small shell at fkeir first quitting the egg. In the 
shell-bearing or testaceous Mollusca , this embryonic shell, which often differs greatly in 
shape and texture from the shell of the mature animal, forms the commencement of 
the latter, additions being constantly made to its free edge by tfte secretion of calcareous 
matter at the edge of the mantle. • 

Shell consists principally of carbonate of lime, with a small quantity oft animal 
matter. The calcareous matter is deposited in the cells of the edge of the mantle, 
which are in contact with the free margin of the shell. In these it gradually increases 
in quantity, until they harden, and become attached to the previous shell formation. 
In this manner, as the animal continues growing, these attached portions of the mantle 
are thrown off, and left behind ; and it is usually only at the margin of the shell that 
the deposition of new shelly matter is effected. The delicate Membranous part of the 
mantle, wjiich lines the interior of that part of the shell inlialyted by the animal, 
has, however, the power of secreting a thin layer of shelly matter ypon the inner 
surface. • This is frequently of a pearly lustre' ; and in many bivalves a new layer 
of this substance is deposited at the same time that the size of the shell is increased by 
additions to its margins, — for, it must be observed, that the formation of new shell is 
not constantly going on, but appears to be subject to periodical interruptions, indicated 
by lines on the surface of the shell ; these are i .ailed lines of growth. In many cases 
the margin of the mantle, instead of being even, presents lobes or tubeycle^, which 
produce corresponding irregularities, ribs, tubercles, or spines, on the sufface of the 
shell (Fig. 292). In this manner, as the spines and other projections are usually 
formed at the mouth of tho shell, at the close of each period of growth, the surface of 
the shell becomes more or less covered with a series of these prominences, each of 
which indicates the conclusion of a period of increase. When these spines stand in 
the way of the further growth of the shell the creature is able to remove them, 
probably by the action of some solvent fluid. 

The shell is almost always coated with a layer of animal matter (the epidermis ), of 
greater or less thickness. It is of a homy consistence, and serves to protect the shell 
from the action of the carbonic acid, which is often dissolved in great quantity, espe- 
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cially in fresli water. It is in fresh- water shells that this layer of epidermis attains 
its greyest development, and tho colours of these are generally due to it. In many 
places, ljowcver, the epidermis is an insufficient protection against 'the corroding action 
of the water, which often eats deeply into the substance of the shells of the Mollusca 

which make it their habitation. 

Sexual reproduction prevails 
amongst tjie Mollusca ; and it is 
only in the lowest forms that 
we meet with gemmiparous pro- 
pagation. The sexes are gene- 
rally on separate individuals; 
but hermaphrodism is not , Tin- 
common. Nearly all ihese ani- 
mals are also truly oviparous, 
although a few produce living 
offspring ; the ova being retained 
in the oviduct until the exclu- 
sion of the young animals. Tho 
eggs vary greatly in form. They 
arc sometimes, as in the Land- 
snails, laid separately, each in- 
closed in a shell of variable con- 
sistence ; but in most cases they 
are agglutinated together into a 
mass, which sometimes takes the 
form of a ribbon, attached by 
one of its edges to some sub- 
marine body. In Borne marine 
species the eggs are inclosed in 
leathery capsules, whiej. are often united to form a large mass. Each capsule contains 
numerous eggs. * , ^ 

The young* Mollusk, whilst still in the egg, is almost always furnished with a 
delicate, pellucid shell, even when it is ultimately to be naked. In this 
case the embryonic sh<jU is cast soon after the young animal makes its 
escape from the egg. The young of the sedentary species, also, aro f 
active at this Stage of their existence, swimming freely about in the l || Y J 
water, until they select some spot in which to take up their permanent 
abode. r 0 

Drvisid&a. — Although these are # the general characteristics of the Fi#. 2iw.— Kggof 
animals belonging to °the irfolluscous division, those forming the two the embryo. 11 1 
first classes, the Bryozoa and the Tunxcata , and especially the former, ( 
differ from the other Mollusca in so many respects, that they have been formed into a 
separate subdivision, the Molluscoids. They arc distinguished from tho true Mollusca , 
by tho very low development of the nervous system, which is composed only of a single 
ganglion, placed in the neighbourhood of the oesophagus, and giving off nerves in 
various directions. Of these two classes, the Bryozoa are t characterized by the presence 
of tentacular organs in the neighbourhood of the mouth, whilst the Tunicata aro desti- 
tute of such organs. * 
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Sub-division I.— Molluscoida. 

Class I. — Bbyozoa. 

• 

General Characters. — The class of Bryozoa is composed of small animals, which 
always grow togethm^upon a common* stock, in the same manner as the compound 
Polypes, with which tney were formerly arranged. Each animal resides in a separate 
cell, within which it can usually retract itself entirely ; the cells# are sometimes soft 
and flexible, sometimes homy, and sometimes calcareous. T&cy frequently stand upon 
short footstalks, rising from a tubular stock, which creeps over the surface of stoflcs and 
aquatic plants, in the same way as the homy stems of many of the hydroid polypes. In 
other co»c% the cells are sessile, forming a crust upon submarine objects, whilst in 
others the colony is attached only by its base, vrfth the opposite extremity floating 
freely in the water. In these the strtolfr is igore or less branched, and often leaf- 
like. m 1 

The cells are ‘in general partially free ; but in some of the stony species they form a 
calcareous mass, presenting some resemblance to tty; true Corals, from which, however, 
they may always be distinguished by the absence of the ^calcareous partitions which 
the latter invariably exhibit. In some species The cells are closed by a cover when the 
animal is withdrawn ; hut this protection is generally wanting ;^and fn the species with 
flexible cells, the complete retraction of the animal draws in the edges of tin- cell, 
which then close the aperture entirely. The interior of the cell is lin^d by the tkin of 
the animal, and the cavity of the body is filled with fluid, in which tho intestinal canal 
floats freely. It also contains the muscles hy which tin; animal protrudes and refracts 
itself. 

The fluid, which is perfectly clear and transparent, is kept in constant motion 
hy the action of cilia, with which the inner surface of the cavity, and the outer surface 
of the intestine, arc covered; and this movement, which extends into the tube of the 
common stock, is interesting to the naturalist, as it is apparently equivalent to a true 
circulation of the blood. L • 

The most characteristic peculiarity of the Bryozoa is ‘their possession of ciliated 
tcntacuhf placed at tbc anterior extremity of the body. By the action of the cilia a 
sort of vortex is produced in the water, by which the minute aqimals that*constituto 
the food of the creature arc carried dow f n into the mouth, whibh is placed between 
them. * 

These tentacles probably servo also as respiratory organs, as they co mm unicate 
at their bases with the general cavity ; and the fluid with which this is fllkd %] *pears 
to circulate in the tentacles by ciliary action. Thq mouth Jeads into a muscular (eso- 
phagus, below which, nearly at the bottom of tho cavity of the body, the stomach is 
situated. Jhc intestine springs from the upper part of the stomach, near the point 
where the oesophagus enters, and leads to an anal opening, situated just below the 
tenta cul&. These parts arc well shown in tho engraving (Fig. 294), which affords a 
good illustration of the subject. 

The colonies of the Bryozoa arc, of course, increased by gemmiporaus reproduction ; 
but the establishment of new cqlpnies takes place by the ordinary mode of propagation 
by ova , and it is somewhat singular that in these styentary animals the sexes are 
frequently, if not always, on separate individuals. THfe sexual organs are attached 
vol. ii. 2 b 
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either -#o the surface of tho intestine or to the inner wall of the cavity of the body. They 

arc teen at the bottom of 
the stomach in the cen- 
tral individual of the 
group figured (Fig. 294). 
^Thc contents of these 
organs (ova and sperma- 
tozoa) appear to be set 
free in the cavity of the 
body, where they are 
carried from place to 
place by the chfrcnts of 
the nutritive fluid, and 
in this manner come in 
contact. The impreg- 
nated eggs escape into 
the water through a 
minute aperture placed 
close to the anus. The 
° embryo breaks out of the 

Fig. 294.— Plugwtfllla. egg in the form of a cili- 

... . . ... ...... ... . ated animalcule, which 

a, a grou,-' of the natural size ; 6. three individuals magnified ; e, anus. . , ’ 

* swima about for some 

The individual on the left is completely retracted within its cell ; that wifhnnt ohnmw 

in the middle is seen from behind, and that on the right from the ^ w a ® e * 

side. It then becomes cup- 



shaped, and by degrees 

tentacles make their appearance at its upper margin, when the little creature fixes 
itself by its lower extremity, and becomes a simplo Bryozoon . The changes which 
the Bryozoon undergoes, are curious. It soon begins to form buds at its base, or gives 
off a creeping stem frqm which these arise at intervals ; and in this manner a new 
oolony is formed. In some cases the development of the embryo presents very remark- 
able phenomena. A ciliated embryo is produced in each egg ; and in the interior of this, 
whilst stilHnclosed in< the egg, two little Bryozoa , furnished with tcntacula, make their 
appearance. The embryo then makes its escape, swims about for a time, and then 
attaches itself, when the little creatures inclosed in it break out, and lay the foundation 
of a new colony. 

DWAsKna. — The Bryozoa form two very distinct orders. In tho Infundibulata , 
the animals, which are all iqarine, are characterized by having the tentacles placed in a 
circle round the mouth (Fig. 295) ; whilst in the T<ophopoda, which inhabit fresh water, 
these organs are situated upon two arms given off from the sides of the body (Fig. 294). 


Order I. — Infundibulata, 

The common puztra, or Sea-mat$, so abundant on our shores, are well known 
examples of this order. They are fiat and foliaceous in their form, presenting a consi- 
derable resemblance in appearance to pale brown sea- weeds, with which they are in 
fact generally confounded by rSa-side visitors. But when carefully examined, these 
leaf-like bodies will be found to consist of a multitude of small homy cells, opening at 
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the surface ; and from each of these, when the polypidom is placed alive in a Vessel of 
s|pa- water, the littlpcreatures may be seen protruding their tentacles. Many nearly allied 
| species grow upon the fronds of sea- weeds, over which they spread 
like a thin coating of gauze, composed of similar cells, opening 
of course only on one side. Others *are found incrusting stones 
and other sub rearing bodies with a cellular calcareous mass. 

In many species the cells arc arranged so as to form a more 
- or less thread-like, branching polypidom ; whilst others are fur-i 
nished with a creeping root, from which fiie cells rise by stems of 
greater or less length. 

.Some of the marine Uryozoa possess singular organs, the use 
of which* has not yet been satisfactorily made out. These are 
attached to the polypidom, and from their close* resemblance in 
form to the head of a bird, have receh^dithe iyime of Avicularia, 

They consist of a larger upper and a smaller lower piece; the 
latter being moveably articulated to its fellow ; and the whole is 
frequently attached to the polypidom by a short footstalk. These 
organs are constantly in motion, and at the same timeithe two 
pieces frequently separate and close again, wifh a snapping move- 
ment, exactly like that of a bird’s bill. 

Ohdeb II. — Lophopoda. 

In this order, composed of inhabitants of fresh water, the Blg?295.— Bowefhankia. 
tentacles, which arc more numerous than in the preceding, Bt °~ 

are placed upon a pair of long arms, which spring from the 
sides of the upper extremity of the animal, and usually describe somewhat the form 
of a horse-shoe (Fig. 294). Their cells are usually of a leathery texture, nearly 
transparent, and usually spring from a rootstock of similar c tnsi&tcncc, which creeps 
along upon the surface of stones or aquatic plants, in which situations these aniinjiLs 
are not uncommon. In some species, however, the polypidom floats freely in the water 
(Oristattfla), and is of a gelatinous consistency ; in these the animals composing each 
colony are usually three or four in number. 

Class II. — Tunicata. 

General Characters. — The animals forming the class Tunicata, generally present 
the appearance of shapeless gelatinous masses. They are composed of tvrt) tunics ; an 
outer, the mantle , and an inner tunic, which lines a largfe respiratory cavity. These 
tunics are continuous at the extremities of the body, where there are large openings ; 
and the animal thus constitutes a tube, furnished with double walls, which are usually 
separated by a considerable space (Fig. 296). In the numerous compound Tunicata we 
find a modification of this structure. The animals forming one of these colonies are 
usually united by their mantles, which form a more or less gelatinous mass, in which 
the individual animals appear to be imbedded. In many of these the body, or at all 
events the respiratory chamber, is bent round ; so that the ineuzrent and excurrent 
orifices are brought to the same extremity of the body. In others the posterior 
apertures of several animals lead into a common canal. 
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Tlie filter tunic, which is composed wholly or in great part of a substance apparently 
identical with the woody fibre of plants, is usually of a tough or somewhat cartilaginous 
texture. ' The inner tunic is frequently furnished with a variable number of muscular 
bands, by means of which the internal cavity is contracted so as to expel the water 
which has entered for the purpose of respiration. The space between these tunics is 
occupied by a system of sinuses, through which* tfic blood circulates. 

The water usually enters the respiratory chamber by the anterior orifice, and is then 
expelled by the posterior. In the free-swimming species this expulsion of the water 
constitutes the only € mean» of locomotion possessed by the animal, which progresses 
slowly i n the direction opposed to the stream of w ater. Thte respiratory function 
appears to he performed to a great extent by the dining membrane of the respiratory 
chamber ; but the animals are also furnished w ith true branchiae, which present two 
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Fipr. 290. — Sal pa. 

a, anterior orifice; p f posterior orifice; /, intestinal sac; e, heart; hr , branchial chamher ; 

• < m, muscular bands ; «, ganglion. 
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different forms. In t Yi&'Salpa (Fig. 29 fi), the branchia constitutes a flat or roundish 
band running through the respiratory chamber, furnished with cilia on its sides; 
in the other Tunicata , the branchial cavity contains a loose network formed of ciliated 
filaments, crossing. eacl^ other at right angles. 

The intestinal (’anal is situated near the posterior part of the cavity of the bodj T , 
opening by a simple mouth from the upper part of that cavity. The mouth leads into a 
winding intestine, w'hieh again* opens by another aperture into the respiratory 
chambei? % 

The heart is usually placed in thtf- neighbourhood of the digestive organs ; it is of a 
somewhat tubular form, and the blood is set in motion by a gradual contraction of its 
walls from one end to the other. In their circulation, if circulation it may'be called, 
the Tunicata exhibit a remarkable difference from all other animals. The blood does not 
circulate always in the same direction ; but after a certain number of pulsations in one 
direction the heart rests for a time, when its contractions commence anew in the oppo- 
site direction, so that the blood really ebbs and flows. * 

The nervous system consists of a single large ganglion, placed towards the anterior 
part of the animal, at its low r c£, Surface. Close to this is placed a vesicle con taining 
otolithes, and therefore probably an auditory organ ; although, from the 'presence 
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of pigment spots upon the otolithes, it has been regarded ao an eye bf many 
observers. • m 

The Tunicata are all hermaphrodites ; and it appears probable that some of them, at 
any rate, are self-impregnating. The male find female organs have been detected in 
many species at the posterior extremity of the body, near the digestive system ; but 
the former have been described as a liver. Besides sexual reproduction, however, 
many of these animals propagate by gemmation, some forming compound colonics, 
whilst others exhibit a regular “ alternation of generations.*' % 

Divisions. — The, Tunicata have be^n divided into tv?o orders, characterised by 
differences in the form of their rcspiratoiy apparatus. The Ascidico have the bVanehial 
organ composed of a network of square meslies ; whilst in the Biphora it consists of a 
band r milling through the branchial chamber. 


Oiiniyt I. — Ascidije. 

General Characters. — This order consists entirely of animals Vhich are cither 
attached by the base to submarine objects, or united together in various ways ; sometimes 
by the coalescence of their mantles, so as to form a gelatinous m ass,* and sometimes by 
means of a sort of common stalk, very similar to the pohrpidom of the Bryozoa. The 
efferent orifice of tlic branchial chamber acconlingly, in almost every ease, opens in the 
same direction as the inhalent orifice, either by the canal being bent round within the 
body of each animal, or by its communicating internally with^t common canal of larger 
size, serving for several individuals. The youngT>f the fixed Ascidians, when first 
produced from the egg, are furnished with a long tail, which gives them v$ry much 
the appearance of minute Tadpoles. Ry means of this they swim about freely in 
the water, until the time arrives for them to attach themselves. The tail then 
gradually disappears ; the internal organs make their appearance, and the animal soon 
acquires the form of its parent. In some of the compound Ascidians, however, a 
somewhat different process has boon observed. The tailed embryo is formed in the egg, 
but this loses the tail whilst still inclosed. Several embryo^ surrounding a common 
canal are then formed in the substance of the original embryo^ \yhkdi thus constitutes 
the nucleus from which a new colony is produced by gemmation. p 

Divisions. — The Ascidians form four great groups, or largo families. In the com- 


pound Ascidians, or. Botryl - 
lithe (Fig. 297), the animals 
arc united together by the 
coalescence of their mantles, 
80 as ^ orm u lathery or 
gelatinous mass, usually at- 
taclied to stones or sea- weeds ; 

Fig. 297. — in this the separate animals 
Botrylltfs. are ^bedded, generally ar- 
ranged in a more or less distinctly stellate 
form, round a common efferent canal. 
Many of them arc adorned with beautiful 
colours. 

The second family, the Clavellinidcc , 
contains the social Ascidians, or those in 
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Fiff. 298.— Perophora. 
t, common stem ; *, stomach ; », intestine ; 
6, ir^alent orifice ; a , efferent orifice. 
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tunics, ^ut by meanp of a sort of creeping stem which runs along the surface of sub- 
marine objects, and gives rise at intervals to short footstalks, at the jextremity of which 
the animhls are supported (Fig. 298). The separate animals are produced by .gem- 
mation from the creeping stems, which rjin in various directions from the base of the 
original founder of the colony. # 

The family* of simple Ascidians, Ascidiida, is composed of animals which live 
separately, attached by the base to submarine bodies. They usually form shapeless 
masses of a cartilaginous texture, often of considerable size, which occur in great 
abundance in shallow watei. A few species §tre eaten in some countries. The incur- 
rent and excurrent apertures are both situated on the upper surface of the animal, 
and the former is fringed with tentacles, which* appear to prevent tho ingress of 
injurious matters into the respiratory cavity. t 

The fourth family, the Pyrosomatidcc , appears to form a distinct transition from the 
Ascidiat to the following order. In tfie strueturg of the respiratory organs they agree 
with the former ; »afid like the majority ®f these they are compound animals ; but the 
branchial chamber ruxft straight through the body, with the openings at opposite 
extremities ; as iiS the Solpce, with which they also agree closely, in the general 
arrangement of theif organs. 

The colohies of tlicsp singular creatures are in the form of a carti- 
laginous tube, open at one end. In the walls of this tube, formed by the 
coalescence of the mantles of the animals composing it, the bodies of the 
Ascidians are separately imbedded ; the branchial chamber of each 
passing completely through the wall from its outer to its inner surface. 
These animals are found in the seas of warm climates, where they 
float along in an upright position, but apparently possess no actual 
locomotive power. Like all the Tunicata they are luminous in the 
dark, and, in fact, appear to possess this faculty in a greater degree 
than any other members of the class. Their cylindrical form, upright 
Fi 29 i!*L’yro position, and considerable size (they often attain more than a foot 
soma (reduced)? in length), render them exceedingly beautiful objects at night ; and 
they have been descrifiecf as resembling little columns of fire. 

Order II. — Biphora. 



This ordJr includes group of free-swimming animals, usually of a glassy transpa- 
rency, tho bodies of which may be compared to a tube, furnished with two openings, 
one for the entrance and the other for the exit of water. The walls of this tube are 
composed of a distinct outer and inner tunic, the latter furnished with bands of 
muscles, by contraction of which the water is forced out of the cavity of the body, 
producing a recoil, whkh drives the areature in the opposite direction. The internal 
structure of these animals has already been described. They are distinguished from 
those of the other order by the bandlike form of the branchia. Tho intestines form a 
small mass above the posterior portion of the branchial cavity (Fig. 296) ; this is 
usually of a reddish or yellowish colour, and emits a phosphorescent light in the dark ; 
it is called the nucleus . • 

The reproduction of these animals is attended with some very remarkable circum- 
stances, which were, indeed, the first facts accurately observed in favour of what, for 
want of a better term, we musj« still denominate “ the alternation of generations." 
Two forms of Salpce have long been known and regarded as, at all events, speoifically 
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distinct from each other. In one of these the individual animate are united ^ogether 
by their sides into sort of chain, the movement of which through the water is effected 
by the simultaneous expulsion of water from the respiratory chambers or all the 
animals of which it is* composed.. In the ot^er form the animals are always solitary ; 
and these differ so much in their eftcrnal appearance, and even in some' points of 
internal anatomy, — such as the number of muscular bands in the inner tunic, — from 
isolated individuals of the social forms, that it is not at all surprising that they were 
long considered as distinct species. Accurate observations, however, commencing with 
those of Chamisso, published in 1819, haye shown that each species of Salpa possesses 
individuals of these two forms. The associated forms are furnished with , genuine 
reproductive organs, and produce a single young Salpa of the solitary form and this 
again produces, by internal gemmation, a chain or series of young animals of the form 
of its parent. The processes by which these different results are produced are exceed- 
ingly curious and interesting. The solitary Salpa exhibit at the hinder extremity, 
close to the heart, and connected with that orgad, a single vessel, divided down the middle 
by a longitudinal partition. Through this the blood circulates* passing up on* one side 
of the partition and down on. the other. Upon the outer surface of this,, which is called 
the gemmiferous tube by Mr. Huxley, the associated Salpa are produced, making their 
appearance at first as mere buds, but gradually increasing in development with age ; 
and those at the hinder extremity of the tube being much further advanced than 
those neaircr the heart. When mature, these young animhls quit the body of the 
parent by an aperture in the posterior extremity ox* the outer tunic, sometimes singly, 
at others in a united chain, in which the animals adhere to each other with a very 
variable degree of force. Each of these animals possesses both male and female organs, - 
the latter furnishing, apparently, but a single ovum. It seems very doubtful, however, 
whether the animals are sclf-imprcgnatmg, as Mr. Huxley remarks, that in the species 
examined by him the male organs did not appear to have arrived at their full develop- 
ment when the formation of the embryo bad commenced, which, indeed, takes place 
before tbc associated Salpa leaves the body of its parent. It is singular- that these 
animals . are not oviparous, but truly viviparous ; the embryo » being suspended 
within the branchial cavity of its parent, and connected with the circulatory system of 
the lattfcr by a distinct vessel, through which the blood may be seen to pass, the embryo 
also exhibiting a distinct circulation of its own ; phenomena so closely in accordance 
with those presented by the Mammalia , pr truly viviparous Vertebrata, , that' naturalists 
have applied the name of placenta to the vascular connexion between the parent Salpa 
and its young. As the young Salpa increases in size and perfection, its connexion 
with its parent is gradually narrowed, until at last it breaks away altogether, and 
swims off as a free and perfect being. 

The Salpa arc found in all seas, but most plentifully 1 in thofee of tropical climates, 
which ar$ often filled with them in such numbers that the voyager sails for days through 
mas&es of these little gelatinous creatures. At night they are exceedingly luminous ; 
and the chains of the associated forms especially are said to present a beautiful 'appear- 
ance. 

Sub-division II. — Molltjsca Proper. 

Divisions. — *In the great^ sub-division of the true Mollusea f of which the general 
structure has already been sufficiently explained, we may distinguish five great classes, of 
which two are unprovided with any distinct head (Acep\ala), whilst the remainder present 
a head furnished with organs of sense (eyes, tentacles, &c.) Of the former, which ue 
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always^ furnished with a bi-valve shell, the Palliobranchiata are distinguished by havin 
no special breathing apparatus or gill, and by the presence of a pair of ciliated and usually 
spiral arins attached to the sides of tho mouth (Fig. 301), the action of which carries the 
particles of food towards that aperture ; whilst in the Lamellibranchiata , or ordinary bi- 
valve Mo'ilusca, these arms are wanting, and the ( respiratory function is performed by 
lamina gills. « * «. 

The Cephalophorous Mollmca are divided into classes by characters derived in a 
great measure from the form and position of the organs of motion. Thus the Pteropoda 
are small Mollusks, Vhich swim freely on thp high sea by means of a pair of fin-like 



Fig. 300. — Creaks Bubulata. 


Fig. 301. — Lingula anatina, 
showing the ciliated arms. 


expansions attached te tfce sides of the body, at or near the head (Fig. 300). Tho Gas- 
teropoda are furnished with a fleshy foot, hy the agency of which they creep t slowly 
along (Fig. 284) ; whilst the Cephalopoda (Fig. 286) have a circle of arms surrounding 
tho head, with which they not only crawl upon submarine objects, but also seize their 
prey. 

Class III. — Lamellibuanchiata. 

General Characters. — The Lamellibranchiatc, or ordinary Bivalve Mollusca , 
arc u-uajly inclosed within a bilobed mantle, which, however, in some instances, is 
entirely closed, with Ijje exception c*f apertures left for the admission of the water 
requir ’d for the respiratory process, and for the protrusion of the foot (Fig. 302). In 
all cases, however, the two sides of the mantle produce a calcareous shell, Vhich is 
always composed essentially of two valves ; although, in some instances, they undergo 
such modifications as to render the recognition of their original structure almost unre- 
cognizable. The two lobes of the mantle are always united at the upper part, where 
they are also attached to the sac inclosing the body of tho Mollusk. At this part, also, 
the two valves of the shell arc attached to each other by«u»sort of hinge, almost always 
furnished with teeth, which fit info corresponding cavities in the opposite* valve, and 
are usually provided with an elastic ligament, which unitos the two valves along the 
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hinge-margin, and with an internal cartilage. The office of these ^ elastic bodjes is to 


am f e a 
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Fig. 302. — Anatomy of a bivalve Mollusk (Mactra). 
a , shell-muscles; b , ganglia: r, heart; d s liver; <% mouth;/, labial tentacles ^ j?, foot; 

A, stomach ; t, intestine? k, anus ; m, mantle ; n, branch!® ; o, btfce of inhulent siphon; 
p , base of exhaient siphon. 

open tlie shell, when the tension of certain muscles, hereafter to be described, is relaxed. 


Tho external ligament, being 
placed in such a manner that 
when the shell is closed its 
olastic fibres are doubled, always 
tends to A) cover a more extended 
position ; whilst the internal car- 
tilage, which is lodged in pits 
within the hinge- margin, is 
compressed by the closing of the 
shell, and of course assists* in 



opening the valves, as soon as the pressure, under •yhich it is confined, is reduced 
below its elastic force. 
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JEa^h valve of the shell is usually of a very oblique, broadly-conical form, running 
up to an obtuse point, called the umbo or beak (Fig. 303). This is, the first formed part 
of the shell ; and as the principal additions to the size of the valves are made by t!he 
free margins of the mantle, it always retains its position close to the hinge. The shell 
often assumes a somewhat spiral appearance, especially at this part ; and in some cases 
one or both valves exhibit the tendency to form a spire still more distinctly. The 
position of the umbones generally indicates that of the different parts of the shell in 
relation to those of the animal. Thus the umbones almost invariably reach the hinge- 
margin in front of tte ligament (see Fig. 30?) ; so that the portion of the Bhell towards 
which they tend is the anterior ; the opposite portion the posterior region. The latter 
is generally the largest. 

The interior of the shell is marked by impressions indicating the points of insertion 
of the muscles (Fig. 304). Of these, the principal are the impressions of the adductor 



Fig. 304.-— Right and left valves of Amphidesma, snowing the impressions of the adductor muscles, 

the pallial line, and the pallial sinus. 

muscles (Fig. 302, a), which are usually two in number, one placed in the posterior, the 
other in the anterior part of the shell, the former being generally the largest. These 
muscles are attached to ^he interior of both valves, which they close by their contrac- 
tion. A linear impression, running from one of these impressions to the other, and 
called the pallial line, nfcrks the position of the muscular margin of the mantle. It is 
generally more 'br less parallel to the margin of the shell ; but in those specie^ which 
possess retractile respiratory siphons, it is more or less indented at its posterior portion, 
forming whht is callod* the pallial sinus ; and the depth of this indentation indicates the 
length of the rqtiactile siphons. The margins of the shells often fit each other exactly, 
so that when the valves are closed no space is left ; hut in many cases the valves are 
separated at one or both ends (Fig. 304). Tho shell is then said to gape. 

Wheto w^look at the animal inclosed in this shell, we find that, although it cer- 
tainly possesses no distract head, its ixtouth is easily discernible (Fig. 302), and is always 
turned towards that part of the shell which we have described as the front. This being 
the anterior portion of the body, it follows that the mantle lobes and valves lire placed 
upon its sides ; whilst we shall find that the contrary prevails amongst the Palliobran - 
chiatay in which the valves are placed upon the upper and lower surfaces of the animal. 

Of the greatest importance to the existence of the animal is the power of introducing 
a stream of water into tho cavity of the mantle. This not only serves for the respira- 
tory process, but also conveys to the creature those minute particles of organic matter 
of which its food consists. In thq Species with a closed mantle two apertures are seen at 
the posterior portion ; of these, one serves for the admission, the other for the expfilsion of 



ANATOMY OF BIVALVE MOLLUSCA. 


427 

• 

the water. In a great number of Mollusks the margins of the apertures are continued into 
tubes or siphons (Fig. 302), which in the burrowing species are often of great length (see 
Fig. 288). In some cases the two siphons are united so aB to appear like a double tube. 
The branchiae usually consist of a pair of laminae placed on each side of the body, and 
permeated from edge to edge by minute tubes. The walls of these tubes are composed of 
minutely reticulated blood-vessels ; which, according to Messrs. Alder andjlancock, pro- 
duce a texture resembling that of a sieve, through which the water passes into the tubes by 
which the gill-laminae are permeated. These communicate at the base of the gill with 
an anal chamber placed at the base of the # exh&lent siphon, through which the water, 
which has passed over the gills, and served for the purpose of respiration, is cqpveyed 
out of the body. The interior of ths siphons, the surface of tie gills, and that of the 
mantle, aue all covered with cilia ; and it is by the action of these microscopic organs 
that this important current of water is produced. But the sieve-like structure of the 
gill-laminae, assisted by the cilia with which they are clothed, has another office to per- 
form besides that of respiration: they Si ter *the water, collecting in grooves upon 
their surface all the minute floating particles which it contained? These arc carried by 
the ciliary action to the edge of the branchial laminae, which is grooved, and thence 
conveyed to the mouth.* 

The mouth is furnished with one or two pair of labia? tentacles (Fig. 302), but is 
not armed with teeth. The intestine is convoluted, and passes through the heart. 
The anus opens into the base of the exhalcnt siphon. The liver is always voluminous. 
The foot, when present, is usually of a tongue-likc firm ; it varies greatly in size, and 
is often wanting, especially in attached shells. In some cases it give& rise to s^byssus, 
by which the animal fixes itself (see page 412). 

Most of the bivalve Mollusca are furnished with auditory vesicles, inclosing oto- 
lithes. They are generally placed close to the ganglion of the foot. A few also possess* 
eye-like organs, placed round the margins of the mantle. They are sometimes very 
numerous. The sexes are separate ; the eggs are receivod amongst the branchiss of 
the parent, and retained there until the young have attained a considerable development. 

The Jjtmellibranchiala arc all aquatic animals, and by far tie greater part of them 
inhabit the sea. A few, however, are found in fresh water. & * * 

Divisions. — The classification of the bivalve Mollusa y here adopted, is founded 
partly upon that lately given by Dr. Gray, in the Annals of Natural History 
(May 1854). That gentleman divides the Lamellibranohiate A fbllusca intd two prin- 
cipal groups, or orders (sub-classes, Gray), distinguished by tho presence or absenoe of 
respiratory siphons. In the Asiphonata (, Anphonophora , Gray), the mantle lobes are 
free for the greater part of their extent, or only united at the back so as to inclose a 
separate exhalent aperture. In the Siphonata ( Siphonophora , Gray), on tie contrary, 
the mantle lobes are more or less united ; and the ftspiratofy orifices are both distinctly 
separated, # and frequently produced into long siphons. 

Order I. — Asiphonata. 

The Asiphonate order of bivalve Mollusca includes some of the most important of 
those animals ; the eomraon Oyster and tho edible Mussel, as also the Pearl Oyster, 
belonging to it. The first is the type of the tribe Ostracea, characterized by having a 

• • 

* For further particulars, as to the structure and action of the branch i© in the bivalve Mollusca, 
the reader may refer to the admirable memoir of Messrs. Aide# and Ilahoook, in the Annals and Mag. , 
of Nut. IMft. for Nov.. 1851. 
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more cp* less orbicular shell, of which the valvca arc unequal. The animal reposes on, or 
adheres by, the more convex of its valves. The mantle of £he animal is open 
throughout. The foot is sometimes entirely absent ; when present, it is small, and 
usually fur nis hed with a byssus. There is only a single adductor muscle. 

The common Oyster ( O&trea tdulis ), which ljas always been a great favourite with 
epicures, botl# ancient and modern, is found itf great abundance in many parts of our 
seas. They live in vast communities, called u oyster banks/* each individual being 
attached, by its left or convex valve, to rocks, or other submarine objects. They 
spawn in May and !fune.*The fry, called “ spat” by the fishermen, consists of whitish 
gelatinous masses, in which the young Oysters may be discerned. These soon fix 
themselves by the shell to some object. They then grow rapidly ; but they are said to 
occupy four years in attaining their full growth. The “ native ” Oysters arc obtained 
from artificial oyster banks, formed by transporting the fry to shallow tanks, where 

their foqd .being present in great abundance, they 
thrive and acquire a finer flavour. Many other 
species of the genus Ostrea are eaten in different 
parts of the world. In some places Oysters grow 
in such abundance, attached to one another in 
masses, that they have been found as effectual in 
preventing the inroads of the sea as the coral reefs 
of the Facific Islands. One of the most singular 
* species is the Ostrea crista-galli ’, or Cock’s-comb 
Oyster (Fig. 305), inhabiting the Indian Ocean. 

The Oysters possess no foot ; but in the singular 
genus Anomia , which is nearly allied to them, a 
small foot makes its appearance,' and takes the form 
Fig. 305 . — Cock’s- comb Oyster. of a plug, which passes through an aperture in one 
(Ostrea Crista-galli.) 0 f ^he va ] V es, and thus attaches the creature. 

In the well -kno wnJEind often elegant Fectens , or Scallop-shells (Fig. 306), the foot 




Fig. 306. — Pecten opercularis. Fig. 307. — Pear\ gystcr (Meleagrina margaritifera ). 

is distinct but small, and is soij'f&timos furnished with a byssus. These animals are 
very abundant in some localities; and somo of the larger species, such as the Jecten 
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tnaximus and P. opercularis (rfg. 306) of our own shores, are regarded as excellent 
eating. Another species was worn by pilgrims to the Holy Land ; *it has roccifed the 
natne of Pecten Jacobmm , from its having been adopted in the middle ages as4he dis- 
tinctive cognisance of S^. James of Spain. The free edge of the mantle in the Peetens 
is furnished with numerous bright ocelli. * • 

The tribe of Aviculacca is rendered* important by its including tlu* Pearl Oyster 
amongst its members. The foot in this tribe is small, and produces a byssus, by which 
the animal attaches itself firmly to submarine objects. The mantle lobes are free ; tho 
shell usually oblique and somewhat triangular, with the valves unequal, and the hinge 
usually without teeth. 

Most of the shells of this tribe are yearly in the interior ; anci as the true pearls are 
merely morbid growths, they may all produce pearls of various qualities. The forma- 
tion of pearls is caused by the introduction of irritating substances, such as grains of 
sand, between the mantle and the shell. The irritation causes the animal to cover the 
obnoxious object with layers of pearl, wTiiSb generally attach the foreign body to the 
interior of the shell. The Chinese produce pearls artificially by placing substances in 
the position just described ; and we have seen some shells, to the interior of which small 
inctal images were attached in this manner by the pearly secretion. The Pearl Oyster 
{Melcagrina margariiifcra , Fig. 307) furnishes t^e finest peftrls ; and the shells arc also 
imported in vast quantities ; the inner layers, known as “ mother of pearl,” being used 
for a great number of ornamental purposes. The Fearl Oyster ^ found in various parts 
of tlie Indian and Pacific Oceans, at a depth of about 4wclvc fathoms, whence they are 
taken by divers. The most celebrated fisheries, known to the ancients, were t^ose of 
the Persian Gulf and Ceylon. Thcum- 1 1 , r _ « 

bones of the Aviculacca are furnished with 

dilated lateral plates called cars ; these „ 

arc comparatively small in the Pearl 
Oyster, but in the curious “ Hammer 
Oyster” ( Malleus vulgaris , Fig. 308), an 

inhabitant of the Indian Ocean and the 1HH«( 

shores of Australia, these appendages 

attain a great length, and* give the shell V 

very much tlic appearance of a hammer 
or pickaxe. The Pinna, already referred* 

to (p. 412), also belong to this tribe. Fig. 308.— Hammer Oyster {Malfyus vulgaris ). 

In the Arcacea the valves of the shell are .nearly equal, usually thick, a id fui 



Fig. 309. — Area auriculata^ 

nishcd wHh a long row of similar teeth at the hinge (Fig. 309). The adductor muscles 



430 


MUSSELS — FRESH-WATER MUSSELS. 


are two in number, And the foot is large and often furnished with a byssus, and the mantle 
lobes are free all round. The Trigoniacea , which are closely allied to these, have the 
foot long and bent, serving for leaping, and the hinge furnished with but few teeth. 

In the MytUaeea , of which the common Mussel ( Mytilus* edulis) is a well-known 
type, the mantle lobes are more or less united, ha ving two siphonal apertures. The foot 
is furnished With a byssus, by which the animal attaches itself, and the shell is closed 
by two adductor muscles, of which the anterior is very small. The valves of the shell 
are equal, generally, of an elongated oval form, covered with a thick epidermis, and 
usually pearly inside. The common Mussel, although greatly inferior to the Oyster, 
is consumed in groat quantities as an article of food. The annual consumption in 
Edinburgh and Leith alone is calculated at 400 Dushels, each of which is supposed to 
contain 1000 muscles. The consumption for baits is still more enormous ; &s many as 
between thirty and forty millions being employed in this manner in the Frith of Forth. 
At certain periods Mussels appear to have a deleterious effect upon persons eating them ; 
but the cause of* fnis has not yet been satisfactorily made out. Most of the Mytilacea 
conceal themselves by%urrowing into various substances. The Lithodomi perforate solid 
rods, corals and Shells. Some species make ubo of the byssus to spin themselves a sort 
of nest. They are generally marine ; but the common Mussel may bo found in fresh 
water ; and a singular shell, the DreisSena polymorpha , which has recently been intro- 
duced into this country from the neighbourhood of the Black Sea, is always an inha- 
bitant of fresh water. * 

The Unionaeea are all inhabitants of fresh water. They have an equivalve shell, 
covercd*With a smooth epidermis, and lined with pearly matter. The margins of the 
mantle are free, for the greater part of their extent, united between the respiratory 
apertures. The foot is very large, and the adductor muscles are two in number. Several 
species of this tribe are found in this country ; one of the commonest being the Unto 



Fig. 310. — Unio Pictorum. 


pietorum (Fig. 310), so called from its shell having been formerly mu<& used by 
painters for holding their colours. All the species furnish pearls of inferior quality ; 
and one species, the U. margaritiferua , an inhabitant of the mountain streams of this 
country, is still collected for the sake of the pearls which it contains. The American 
species are very numerous. 

P*DBR II.— SlPHOHATA. 

The first tribe, the Chomooea } includes some of the largest of molluscous animals ; 
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the animal of the Tridacna gigas (or Clam-shell), weighing sometimes as njuch as 
twenty pounds, whilst its valves occasionally attain the enormous weight of five 
hundred pounds. Smaller specimens are very common as garden ornaments. Another 
well known species is tile Hippopus maculatus (Fig. 311), which is frequently employed 
in the manufacture of ornamental articles. The shell in the Chgmacea is very thick, 
usually attached, and the hinge has due or two teeth. The mantle & closed* with 
separate siphonal openings, hut with the siphons obsolete, the foot very small ; and 
there are two adductor muscles. In some fossil species the values are spiral. The 
recent species inhabit the seas of warm climates. 



Tig. 311. — Hippopus maculatus. Fig. 312.— Cardium Junonce. 


The Cardiaeea have a thick, closed, equivalve shell, with the umbones usually bent 
round, so that the shell, when seen from either extremity, presents a more jot less 
cordate appearance (Fig. 312). The hinge teeth are strong, from one to three in each 
valve ; and there are usually one or two smaller teeth on eachaside of the hinge. The 
mantle lobes are closed, the foot large and strong, and the *siphojl8 usually short, 
although *in some species they are as long as in the following tSbe, and the pallial line 
in thes? cases presents* a slight sinuosity* The animal possesses * two adductor 
muscles. 

Many of these shells (of which the common Cockle, Cardium Mule , , is a well known 
example), arc elegantly marked with radiating ribs, running from the simbones to the 
free margins ; and in some cases the ribs are ornamented with spires of various and 
singular forms. They are generally active animals, springing to a considerable height 
by means of the strong, bent foot They usually conceal themselves by hSrrofong in 
the sand or mud. In a few species the foot fofms a cfeepin£ disc. The common 
Cockle is eaten, and in some localities forms an important article of food ; but it has but 
little to recommend it 

The Vetteracea, forming the first tribe of the bivalve Mollusks, with elongated 
siphons and a distinct pallial sinus, resemble the Cardiaeea in the form of the shell and 
general structure. The foot is usually compressed, broad, and somewhat triangular, 
serving principally as an instrument for burrowing. The Veneraeea are distinguished 
from the following tribe by h£nng the respiratory siphons separate ; at all events, for 
the greater part of their length. This group includes ^nany exceedingly elegant shells, 
the exotic species especially being often adorned with a most charming variety of 
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colour. Some species are also ornamented with spines (Fig. 313). Thoy generally 

conceal themselves by burrowing, sometimes 
into the sand and mud_of ®the sea-bottom, aiid 
sometimes into solid rock. The principal agent 
in these operations is the foot. 

Thq Pholadacca are distinguished from the 
preceding tribe by having the siphonal tubes 
united through the whole or the greater part of 
their length (Fig. 314). Like the Yeneracea , they 
are all burrowing animals, and the majority 
select har[l substances, such as rock, wood, &c., 
Fig. 313.— Cythcrea spinosa. f or the construction of their burrows. The shells 

are usually of an elongated form, gaping at one or both ends. They are closed by two 







« b Fig. 314. — F&nopeea australis, 

adductor muscles., The foot is large and powerful, and the mantlo is closed. The type 
of the group is the genA P kolas, spe- 
cimens of which are common in the 
chalk rocks of the south of England. 

They are furnished Vith accessory 
plates on the Vick for the protection 
of the dorsal muscles. Another shell 
belonging to this tribe is the Solen, or 
Razor-shell, 'which burrows to a con- 
siderable depth in the^and, 'They ar£ 
drawn from their burrows by means 
of a bent iron, and arc said to be very 

Fig. 815. — Aspergillum Yaginiforum. 

. F > a, the shell complete ; 6, the perforated disc, 

animal which at- 
tains a length of one or two feet, and often does immense damage by burrowing into 
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timber. In the years 1731 anti 1732, it excited great alarm in Holland by boring into 
the piles which assist in protecting that country from the inroads of the sea, * It is a 
sfift, cylindrical, and somewhat worm -like animal, furnished with a pair of Rn#tll shells 
at its anterior extremity. A still more singular animal, belonging to this tribe, is the 
Aspergillum , or Watering-pot shell (Fig. 81 5 J, which is inclosed in a calcareous tube, 
in the anterior part of which the tw*> minute valves are imbedded.* The anterior 
extremity of the tube is closed by a singular perforated disc (Fig. 315, 5), and the 
opposite end is usually ornamented with several ruffle-like bands. 

Class IV. — PalIiohuanchiata. 

Oensral Chai&cteis< — The ayimals of this class are ^distinguished from the 
Lamellihranchiate Mollusca by the absence of any special branchial apparatus, th e 
respiratory function being performed by the mantle, wliieh is traversed by numerous 
blood-vessels. They are also characterized by thc*posscssinn of a pair of long, ciliated, 
and usually spiral arms, the analogues £>f*the labial tentacles of the* (ydinary bivalves. 
The action of the cilia with which these arc clothed produces*! current in the water, 
that carries the particles of food to the mouth, which is situated r^ose to their base. 
From the presence of these organs the class is often termed Bruch wpoda. • 

The valves, instead of being placed on each side of •the body of the animal, are 
situated above and below it ; so that they are called dorsal and ventral , instead of right 
and left , valves. The central valve is usually larger than ^he dorsal, and projects 

beyond it at the beak, where it is generally perforat'd to allow the passage of n mus- 
cular or tendinous peduncle, by which the animal attaches itself (Fig. # 316 a). ^Ln some 
cases the peduncle is wanting, and the shell is then 
fixed by the beak. The connexion of the valves is 
effected by a pair of teeth, springing from the ven- 
tral valve, and locking into corresponding cavities 
in the dorsal valve. There is no ligament, and the 
valves of the shell are opened and closed by appro- 
priate muscles. 

The ^.rms are frequently supported upon a eal- 
carcous framework or skeleton (Fig. 31G £), attached Fig. 310.— Ten brtitula australis, 

to the interior of the dorsal valve ; this usually a * closed, showing aperture 
forms two loops, springing from the neighbourhood b * dor8al w valve > * lth framework, 

of the hinge. The arms appear to bo extensible in some instances ; in others they 
are attached to the internal framework, and only the extremity is free. 

The body of the animal only occupies a sihgll portion of the cavity of the shell 
close to the hinge ; it is inclosed within a strong membranous partition, Jh. thfc < . litre 
of which the mouth is seen. The intestine is convoluted, and £hc liver is large and 
granular. All the Falliobranchiata appear to possess two hearts, each composed of an 
auricle ax»l a ventricle; situated in the neighbourhood of the oesophagus ; they are also 
furnished with a complex system of vessels, which conveys the blood to the organs of 
the body, and to the mantle, where it is exposed to the influence of the water. 

The structure of the shell is very peculiar. It consists of flattened prismatic cells, 
arranged in an oblique direction as regards the surfaces of the shell ; the substance of 
the shell is traversed by sm*iU canals, through which little processes of the outer 
layer of the mantle pass. • 

These animals are all marine ; they are found attached by the peduncle which 
VOL. ii. ” 
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passes ^through the* aperture in the ventral valve, suspended from rocks, corals, and 
other submarine objects. The fossil species arc exceedingly numerous, especially yi 
the older strata, in some of which they are the principal representatives of the Mol- 
luscous type of structure. 

Divisions. — The greater number of the species of this ('lass arc fossil ; but a good 
many arc stilf found in our seas. We may' distinguish three principal groups or 
families. In the first, the Craniida , the ventral valve of the 
shell is usually adherent, without the intervention of a 
peduncle, and the hinge is destitute of teeth. The interior 
» pf the valves lias a broad granulated border, and the disc is 
marked with four deep muscular impressions (Fig. 317). 

Tn the second group, the Terebratulidm , the bi'ak of the 
ventral valre is pierced with a hole for the passage of the 
peduncle (Fig. 31G), *vnd the valves are united by a hinge. 
Fiff. 317.--Cranirf'ifer- # This family includes the greater part of the species, both of 
recent and fossil Palliobranchiata. 

In the third group, that of the fAngulidre , the animal is attached hy a peduncle ; 
but this, instead of passing through an aperture in one of the valves, issues from, tin* 
interior of the shell between the umbtfhes. The valves arc nearly equal, horny, and 



Fig. .3 18.— Lingula anatina. 


flexiblo ; and the peduAclo is very long. The best known species, the Lingula anatina 
(Fig. 318), is found \a Jhe Eastern Ocean. 

Class V. — Pteuofoda. 

General Characters. — The singular little animals included in this group present 
many points of resemblance with those of the following class, especially in their young 
state. lienee ceveral naturalists have united these animals with 'the Gasteropoda in a 
single class, denominated Cephalophora , or head-bearers ; but as the Pteropods differ 
greatly from the other CcphalophorouS Mollusca , we have preferred leaving them as an 
independenrgroup. 

They are all of sfhall siifc, and furnished with a pair of broad flattened fins at the 
sides of the head, by means of which they swim with tolerable rapidity through the 
open sea. They are inhabitants of the ocean, and rarely venture near the shore, except 
when driven from their favourite haunts hy high winds ; on the high sea they often 
abound in such profusion as to colour the surface for miles together. 

The claim of many of these animals to the distinction of possessing a head, is 
perhaps a debatable point ; for a considerable number present scarcely any traces either 
of eyes or tentacles on the anterior extremity of the body. In other cases, however, 
these organs, especially the latter, are perceptible. The ganglia arc placed below the 
(esophagus, the supra-uesophagral ganglia being represented by a slender ring ; they 
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all possess auditory vesicles, containing otolithes. The mouth is* generally Alarmed, 
sometimes furnished with sucking tentacles, but the oesophagus is muscular, and the 
tongue frequently armed with teeth. The intestine is convoluted, and the anus usually 
op (-iis on the right side near the neck. The* circulatory system is very incomplete; 
the heart is composed of two cavities, *njnl the respiratory organs are either external or 
inclosed within a cavity of the mantle. The foot, which is such 
an important organ in the following class, is here either entirely figs! 

wanting, or, if present, forms only a little lobe between th% baset 

Divisions. — We distinguish t\%o orders of Ttcropoda , charac- 
tori zed hy the presence or absence of a shell. 


Order I ymnosomata. Illlllsi 

The animals of this order are distinguished by the absence* of 
a shell, and the? distinct separation of the head from the body. The 
skin is of a firmer texture than in the following dhler, where it is i^r 

protected by a shell. The species of the gunus Clio (rtg. 319), JW 

belonging to this order, arc found principally in the Arctic and 
Antarctic Seas, where they occur in prodigious numbers. So gVeat, * 

in fact., is their abundance, that although they do Hot exceed an * ^ifstroUcu' *° 

inch in length, they furnish one of the principal sources of the • 

nourishment of the gigantic Whales. They arc usually of a beautiful blue or violet 
colour, tinged with red. 

Order II. — Thecosomata. 

The Thecosomata arc always inclosed in a shell, which is usually very delicate, and 
of a glassy transparency. It varies greatly in shape, its simplest form being triangular 



Fig. 320. rtg. 321. Fig. 322. 

Fig. 320.— Shell of Cleodora pyramidata. 321.— Hyalea. 

# Fig. 322. — Eurybia Gaudichaudii. 

(Fig. 320), or rather pyramidal ; but the basal portion is often somewhat globular^ and 
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adorned with two c ?c three projecting angles or spines (Fig. 321). The head is less 
distinctly separated from the body than in the Gymnosomata ; the foot is obsolete, and 
the respiratory organs arc inclosed within a cavity of the mantle. 

Some* of the most beautiful and best known species belong to the genus Hyalea 

(Fig *321), so called from the glassy tex- 
ture of their shells. In Eurybia (Fig. 
322) the animal and shell arc sub -globular 
in shape, without points proceeding from 
the latter. In a few genera the shells 
acquire a spiral form ; thus in Limacina 
(Fig. 323), a genus of minute Mollusks 
found in the Arctic and Antarctic Seas, the 
shell resembles that of a little Nautilus in its form ; whilst in Spirialis } it foims a little 
pointed spire, fup^slicd with a minute .glass) Gperculum. 

4 

Class VI. — Gastehopoua. 

General Characters.— The mpst striking characteristic of the Gasteropoda con- 
sists in the structure of thg locomotive organ. This, which is well shown in the 
common Snails, consists of a broad, muscular, disc-like foot, attached to the ventral 
surface; (whence the name), upon which the animal creeps slowly along with a sort of 
gliding motion. This form of foot is presented by nearly all the animals referred to 
this class ; although, in a few species, it is so greatly modified, that at the first glance it 
would dot be taken for the same organ. 

The head is always distinct, usually furnished with tentacles and eves. The opening 
of the mouth is placed in its lower surface ; it is often furnished with a protrusiblc 
proboscis, and armed with one or two teeth or jaws inserted in its upper part. The 
lower part of the mouth and (Esophagus is occupied by the tongue, a long ribbon-shaped 
organ, sometimes longer than the whole body, covered on its upper surface with an 
immense number of minute silieious teeth, which are employed, with the assistance of 
tbo upper jaws, if! diri<J ; ng the food. The arrangement and form of these lingual teeth, 
as they are caded, arc very constant in the different groups ; they have been lately 
employed as valuable characters in the classification of these animals. The lingual 
ribbon is rolled up posteriorly ; and it is supposed that it is unrolled and brought 
forward by degrees, in order that new teeth may take the place of those that have been 
abraded by use? 

The intestinal canal is usually simple and membranous. In some species, however, 
the stojriaclj has thickened walls, furnished intcnuilly with horny ridges or teeth. The 
intestine wifids amongst thc # other v^BCcra, and the anus is situated on the right side of 
the anterior part of the body. The liver is very voluminous, and usually envelops 
the other intestines ; and nearly all the Gasteropoda possess salivary glands in the 
neighbourhood of the mouth. 

inspiration is generally effected by means of branchiae, placed sometimes on the 
surface of the body, but more commonly in a special cavity in the back of tbo mantle, 
the aperture of which is situated over the nock. The margins of this aperture are often 
produced into a siphon, which projects over the head of the animal ; the water, after 
traversing the gills, passes off by a separate aperture, situated on the right side of the 
body : and this is also siphonate in some instances. The branchiae are plumose or 
branched organs. As a general rule, only those of the right side are developed ; but in 
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some cases the animals are symmetrical in this respect. In the Land-snails, and a few 
fresh- water Molluscs, the respiratory function is performed Ly*a pulmonaly sac, 
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Fig. 324. — Anatomy of Turbo Pica. 


p i foot; o , operculum ; f, proboscis; /a, tentacula; ?/, eyes ; m , mantle opened longitudinally, to 
show the disposition of the respiratory cavity ; /, anterior border of the mantle, which, in its 
natural position, covers the back of the animal, leaving a wide slit by which the water enters the 
branchial cavity ; &, the gills; vh, branchial vein, returning to the heart, c; ah, branchial 
artery; a, anus ; f, intestine ; e, stomach and liver; ov, oviduct. On the upper side of the neck 
are seen the cephalic ganglion, and the salivary glands ; and at d is shown a fringed membrane, 
which forms the lower border of the left side of the opening that leads to the respiratory 
cavities. 

hollo wfr! out in the right side of the body near the neck, and r^efting externally at that 
point by an aperture which the animal can open or closo at pleasure. • I 

The heart consists of two chambers, and is generally placed in the neighbourhood ■ 
of the branchiae. . Tho blood leaves the heart by a large artery, which generally soon j 
divides into two branches, one rutfning to the head and anterior part of the body, the j 
other to the posterior organs. On its return the blood does not appear to be confined j 
within true veins ; it flows through the interstices of the organs, and is at last collected j 
into particular canals, by which it is conveyed to tho respiratory orgai^s, vdicnco it 
passes again to the heart. 

The nervous system varies greatly in development, and in the arrangement of its 
parts ; bat in all, the centre is formed by an oesophageal ring or collar, composed of 
several ganglia united by ^nervous filaments. The s upr a- oesoph ageal ganglia are some- 
times distinct, sometimes fused into a mass ; they always give off the nerves of the 
organs of sensation situated on the head. The ganglia which supply nerves to the 
foot, the mantle, the intestines and other organs of the body, are connected, by means 
of nervous filaments, with the* ganglia placed below the oesophagus. The organs of the 
senses consist of tentacles of very various forms : of^a pair of eyes, placed sometimes 
on the head itself, sometimes on the sides of the tentacles, or supported upon separate 
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stalks; and <»f u pair of auditory vesicles, containing ulAlitlies, generally placed near 
the base *>f the tentacles, and cither immediately in contact with the brain, or connected 
with it by a short nerve. No special organs of smell or taste have Veen detected in the 
Gasteropoda, although we may infer, from the discrimination exercised by the animals 
in the choice of their food, that they are riot destitute of these senses. 

The general # form of the body, in the Gasteropoda , is very characteristic of the class. 
From the great preponderance of ono side of the body over the other, the whole 
acquires, during growth, a spiral form ; and it is only in some naked species, and in 
those which have bratiehiao^ equally developed on both sides, that we find the body 
symmetrical. The shell with which the anfmals aro furnished, and which, a.s in the 
other Mollusca , is secreted by the edge of the mantle, partakes of this form. It is almost 
always composed of a single piece (univalve), and usually forms a conical tube, twisted 
pi rail 3^ (Fig. 289). This tube, however, is rarely perfect, the inner wall of each whorl 
as the convolutions of the spire are formed) being usually formed by the surface of the 
preceding whorl, yr^ieh the animal covers wfclf’a thin coating of shelly matter. In 
the majority of these shells the spire takes an oblique direction, so that the shell has a 
pointed apex, and goes on increasing in breadth towards the lower extremity (Fig. 1125). 
In some, however, the whorls are rolled one upon another in the same plane, producing a 
discoid shell (Fig. 326) ; and we meet with every possible gradation of form between 
the extremes of obliquity and flatness, in Scalar ia, the tube of the shell is perfect, 

although the whorls are closely 
A applied to each other ; but in 

Vermctm and some others, the 
tM shell forms a simple more or 

CB less contorted tube. The same 

thing occurs in monstrous 
varieties of regularly spiral 
shells ; and a few species which 
inhabit a spiral shell until 
they attain a certain size, 
afterwards add to it by form- 
ing a. straight tube ^of the 
diameter of the aperture. As 
the right side of the Gastero- 
„ ’ poda is almost always the 

largest, the convexity of the 
Fig. 325. — Pirena. Fig. 326.— Ampullaria. spire is, of course, turned 

4 in this direction, and the # 

shells follow the samo rule* Thest* normal shells are called dextral; in a few 
species, however, and in some monstrosities of dextral species, the spiro turns in the 
opposite direction : these are called sinistral shells. In the truly spiral shells, the 
progressive winding of the tube produces a more or less distinct central axis, or pillar, 
called the columella , which runs from the base to the apex of the shell, and forms 
the inner margin of the aperture from which the animal protrudes when in motion. 
This pillar is usually hollow, and terminates at the base of the shell by a small opening, 
called the umbilicus . The margins of the aperture are called the lips ; the outer lip 
( labrnm ) forms the convexity of tljl shell; the inner lip {labium) is usually formed by the 
columella, and is hence denominated the columellar lip . The two lips are sometimes con- 



Fig. 326. — Ampullaria. 
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outer lip is frequently reflexed, or furnished frith spines or tubercles ; its ipargin is 
sometimes turned inwards, and both Jips are not un frequently furnished with teeth or 
other projections on the inside. The lfst whorl of the shell is called flic body whorl , 
from its receiving the body of the animal when retracted. The remaining whorls 


form the spire ; and the impressed line which separates the whorls jp the suture. 

A great number of the Gasteropoda cluso the aperture of their slujll with a small 
horny or calcareous plate, called the operculum , which is attached to the hinder ^>art of 
the foot, and is drawn into tin* moutft of the shell by the contraction of the animal. It 
is seen in<ho young animal whilst still in the egg; and this forms the nucleus of all 
subsequent growth. It varies greatly in its form, # heing sometimes composed of con- 
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Fig. 328. — Forms of opercula. </, spiral (Turbo); h , lanifllsny with marginal miuU us* (Miner.) ; 

r, append iculate (Nvrita). • ^ 

at one side, or at tlie extremity; sometimes irregular in form, or furnished with 
appendages (see Fig. 328). 

Most of the Gasteropoda are strictly oviparous animals; but a few are o vo- viviparous ; 
the eggs being retained in the oviducts until the exclusion of the young, and even until 
these have attained a considerable development. Tlie sexes are generally oil separate 
individuals, but a considerable number arc hermaphrodites ; these, however, require 
mutual impregnation to fertilize the ova. The orifices of the generative ^rgans are usually 
situated on the right side of the body, in the neighbourhood of*lhe anus. The mode 
in which the ova are deposited, and their arrangement, have already been briefly 
referred to (see page 416). The young Mollusk is always provided with a shell whilst 
in tlie egg ; this, however, is cast off, soon after hatching, by most of the ndked species. 
The young of the air-hreathing species resemble their parents in evorjf respect except 
size ; hut those of^the branch iferous species are furnished with a pair of fin-like expan- 
sions, resembling those of the Pleropoda , by means of which they swim freely through 
the water. 

Divisions. — The Gasteropoda may be divided into twa sub-tlasses, the Jleteropoda 
and the Gasteropoda proper ; the former including, only a single order, whilst the latter 
are divided into two great orders, called BranchiJ'era and Pulmonifera , from the nature 
of their respective respiratory organs. 

Sub-class and Ohdeb I. — Hkteropoda. 

General Characters. — The animals of this group, the Nucleobranchiata of some 
authors, are all inhabitants o£ The ocean, whore they swim about rapidly, the whole 
structure of their bodies being adapted particularly tef^fchis mode of existence. The foot, 
when present, is converted into a broad, flattened, fin-liko organ (Fig. 328), furnished . 
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with a ^tnall suckea* by which the animals adhere to heating sea-weeds. The whole 
body is usually compressed ; and it is by the fin-liko action of the tail that the crea- 
tures swim. The head is distinct, and usually furnished with a pair of tentacles and 
>e h B || v c eyes ; the mouth is gene- 

rally furnished with along 
proboscis. In the typical 

i , forms, the intestines, with 

organs, are collected* into 
i a mass on the back of the 

o o ^ animal ; this is inclosed in 

a Bhell, round ttto interior 
* of which the comb-like 

, rZ~ ~ . f bran chi S3 are situated. 

• Tho animals are usually 

of a transparent gelatinous texture ; they swim with the back downwards, and 
appohr to feed upon minute marine a**imals. 

Divisions. — In the Atlfintidm (Figj. 330), the shell is spiral, and large enough to 
contain the whole animal when contracted ; and the gills 
are contained in a regular branchial cavity. They often 
possegs a delicate operculum. 

The Firolida j are either entirely naked, or furnished with 
a small, conical, keeled shell, which incloses the intestinal 
nucleus (Fig. 329). The FiroUe arc destitute of a shell. 
The Sagittidas form a third small family, whose title to 
- v this position is, however, hy no means certain. They are 

Fig. 880. — Atlanta Kcrandreni. little, fisli-likc animals, furnished with one or two pairs of 
«, fin-like organs on the body, and witli a broad and usually 
bilobed caudal fin (Fig. *331). The head is distinct, and the mouth armed with several 


Fig. 329. — Carinaria. 



Fig. 830. — Atlanta Kcrandreni. 


« Fig. 331.— Sugitta. 

pairs of lateral hook-like jaws. They are of small size, and swim with great rapidity. 
They have hitherto been found principally in the North Sea and in the Mediterranean. 
The name of Sagitta, given ty these animals, refers to their anw-like appearance. 

Sub-class II. — Gasteropoda proper. 

In the true Gasteropoda , which exhibit the structure of the foot, and tho general 
structure of the body, already described as characteristic of tho class, we distinguish 
two great orders,— the JBranchifera , furnished with gills, and the Pulmomfcra, which 
respire by pulmonary sacs. Besides this important difference in structure, the branchi- 
ferous Gasteropoda pass through a distinct larval state ; dually issuing from tho egg 
in a very different form from that they are ultimately to assume, as already described 
at page 439. The pulmoniferous species undergo no metamorphosis. 
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Order II. — Branchifera. 

The general characters of this group are given above. It is divided into*two sub- 
orders, characterized by the position of the bsanchi®. 

% 

Sub-order I.— OpisTnoBRANCHiATA. 

General Characters. — In the animals forming this sub-order, the branchiae are 
not gent 'rally inclosed within a cavity of the mantle, but ipore less exposed on the 
back or sides of the animal, generally towards the posterior portion ; aad the auricle of 
the heart, which receives the blood from the gills, is placed behind the ventricle. All 
these anigials are hermaphrodites ; few of them are inclosed in a shell; some have an 
internal shell, but the majority are naked. 

Divisions.— This sub-order includes two principal groups. In the first, the 
Teetibranehiata , the animals are generally furnished with a shell, a#t^the branchiie are 
covered cither by the shell or the mantle. The Jiullidae, at bubble-shells, have a 
delicate cylindrical or globose shell, which is more or less inclosed yithin the mantle ; 
the head is flat, with broad tentacular lobes ; the*foot is large, and often furnished with 
lateral lobes, which the animal is said to uso jn swimmifig ; the gill is single, placed 
on the right side of the back, and concealed by the shell. They are carnivorous in 
their habits, and are furnished with a gizzard, in the walls o^ which several calcareous 
plates arc imbedded. • 

In the Aplysiada the shell is either absent or rudimentary. The fenimal i^ slug-like 
in its form ; the head is distinct, and furnished with tentacles and eyes, and the sides of 
the mantle are very largo, and reflected u)) wards, so as to cover the back and branchial 
plume. The tentacles arc turned back like ears ; whence thp name of sea-hares com- 
monly applied to these animals. They live upon sea-weeds, from which they derive 
their principal nourishment, although they also feed upon animal substances. When 
alarmed or molested, they emit a violet or reddish fluid from the mantle, which was 
long supposed to be of a poisonous nature ; although, according to recent observations, 
it is quite harmless. 

Tlv< Plcurobranchida are also usually furnished with a shell, which, flowever, is often 
concealed by the mantle ; the foot is usually very large, and the feather-like gill is 
concealed between a fold of the mantle and the foot. The shell is sometimes limpet- 
like in its shape ; one of them, inhabiting the Indian and Chinese SqjLS, is commonly 
known as the Umbrella shell. The Phyllidida: jire nearly allied to these, but have no 
shell, and the branchiae are placed on both sides of the body, beneath a fold of the 
mantle. 

In the second great group, the Nudibranchlhta, tho animal* are shcll-less, and the 
branchiae arc placed on the back or along the sides of the body, without any covering. 
These aiimals are also hermaphrodites. These elegant and delicate little creatures, 
which arc often adorned with the most pleasing colours, are generally found near the 
coasts, crawling upon sea- weeds. They arc very carnivorous in their habits, feeding prin- 
cipally upon zoophytes. A most admirable monograph of the British species, by Messrs. 
Alder and Hancock, has been published by the ltay Society. The Nudibranchiate 
Mollusks arc distributed irfto three families. In the JEolidida, tho branchiae are 
arranged along each side of the back, which is also ffljnishcd with peculiar appendages, 
into which processes of the liver and stomach pass, and the tentacles are not retractile* 
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Fig. 332.— JEolis. 

(Fig. 332) ; but some species present a very singular appearance, having the body very 

f sender* and the gill tufts supported at the extremities of lateral foot- 
^ stalks (Fig. 333). The Tritoniidm often resemble the preceding in ap- 
|gf poarahee, but they are dcstitutouof the coooal prolongations of the in- 
~ testines, and have the tentacles • 

sheathed and retractile. The 
Doridm are generally of a 
« broader form and ljfrger size ■ 
thaft the animals of the pro- 
% ceding families, from which p- ifT> 334 .— Doris. 

^'orsUM i aU0US ^ey are distinguished by 

having tHfc branchiae placed in a circle on the back, generally 
towards the hinder parts. The branchiae are elegant, arborescent organs ; the foot is 
much smaller than the nwntle. 

r- 

1 SUB-ORDER II. FrOSOBRANCHIATA. 

General Characters. — This sub-order is far more extensive than the preceding, 
and the characters by which it is circumscribed are far more distinct. All the animals 
referred to this group possess a shell, within which they can ^ __ 

usually retract themselves entirely at pleasure, and this is Hwftl 

almost always of a spiral form ; the mantle forms an arched KfKtrafJSm 

chamber, immediately o* r er the neck, in which the branchiae VbflVppSHr 

arc situated, together vrtth the orifices of the alimentary and 
generative organs ; addjl as a necessary consequence of this 
anterior position of the gills, the “blood flows back towards * ][ 

the heart, and the auricle of the latter organ is placed in front 
of the vcntficle. The* sexes are almost always distinct, and 
nearly all the species arc marine. H|H 

Divisions. — The Frosobranchiata may be divided into fl|H 

three principal groups. In the first, the Cirrhobranchiata , 
including oiflv a single family, the Dentaliidcc , or tooth-shells , 
the animal is so anomalous tin its form that it was placed 
by Cuvier and other observers amongst the Annclidcs. The wm° 

shell is tubular, gradually tapering from one end to the Fl tiluuinrwrt^the f iJi C teI 
other, and gently curved throughout its whole length, so as rior part of the mantle 
to have the appearance of a miniature Elephant’s tusk (Fig. o/footTifbranchiio, with 
336) ; hence the commonest species (Dentalium entails) is popu- the head between them ; 
larly denominated the Elephant's tooth. It has an aperture °* ana tubercle * 
at each end, that at the narrower extremity being very stiiull. The animal (Fig. 335) in- 
habiting this shell is of a cylindriytl form, inclosed in a sac-like mantle, from the anterior 
extremity of which the tip of the foot is protruded. The head is situated at tluf middle 


ip, 

..vSs&JF* 


rior part of the mantle 
removed. 

a, foot ; 6, branchiro, with 
the head between them ; 
c, anal tubercle. 
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Fig. 336. — Dentaliuigi, with foot protruded. 

• 

carnivorous, feeding upon minute marine animals. They live ifi sand or mud, in which 
they bury # themselves by means of the foot. A good many species arc known, of 
which several inhabit the British seas. 

In the Cyclobranchiata the branchiae are us usually placed all round the body, in tho 
space between the margin of the foot aifUAhe mantle, although in-sopiy species they are 
situated in a cavity over the neck. The Vatellidce , or Limpctsj may be considered as 
the types of this group ; they arc inclosed in a conical shell (Fig. RPf ), the interior of 
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Fig. 337. — Limpet (Patella). 


Fig*. 338.— Chiton. 


which is entirely occupied by the animal ; the foot is very large, and by means of it 
the Limpet fixes its little residence so firmly to rocks and other # objccts, that it is not to 
be detached without great difficulty. They feed on vegetable# matters, and occur in 
great abundance in many situations ; they are often used as focfl by flic poorer classes, 
and arc also collected in great numbers for baits. The Chitonidca resemble the Limpets 
in the situation of their branchiae ; but these organs only run round the posterior part 
of the body. The shell in the Chitons (Fig. 338) is composed of Qjlght calcareous plates, 
overlapping one another at the edges, and united by a strong leathery mantle, which 
forms a border all round the shell. They adhere to rocks like the ^Limpets. Our 
British species are all small ; but many tropical species attain a considerable size, and 
of these the muscular foot is often eaten by the natives of the countries in#vhich they 
occur. 

The Fectinibranchiata exhibit the characters of tho sub-order in their greatest per- 
fection ; tie branchiae are usually single, and inclosed in a cavity over the neck of 
the animal. 

The C'alyptracida have a Limpct-like shell, which is usually somewhat spiral at the 
apex, and frequently furnished with a sort of shelf of shelly matter in the interior. 
They appear to pass a perfectly sedentary life, attached to stones and rocks, to the 
irregularities in the surface of* which their sholls usually adapt themselves. In the 
Haliotid<e the spiral conformation of the shell goes a little further, and there is a per- 
foration pr notch for the passago of the anal siphon at* tho posterior margin. In the 
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common Ear-shells tjiese perforations are arranged in a row along the back of the shell 
The animal has a short muzzle an d two branchial plumes. The Fissjirellida, which are 
nearly allied to these, have a shell closely resembling that of the Limpet in form, but 
perforate^ at the apex for the passage of the anal current. • 

The family Iantkinidm contains a few species^of oceanic Mollusea , which possess a 
shell almost exactly resembling that of a cofamon Land-snail ; it is of a delicate 
texture, deep violet at the base, and with the spire white. The animal has two 
branchial plumes, a ^puzzle -shaped head, with tentacles, but without eyes, and a very 
small foot, which, however, secretes a rcmnrkable structure, considered to bo tbo 
analogue of the operculuju. It consists of a large raft, composed of numerous horny 
vesicles filled with air, to the under surface of which*the animal attaches its eggs, and thus 
floats about at the surface of the water, being supported by the buoyancy of# the float. 
The Ianihinidce are carnivorous animals ; they often occur in vast numbers in the 
Atlantic, and are sometimes driven by stress of ycatber upon the southern shores of our 
island. 

In the Naticidce tho shell, which is globular, composed of few whorls, and opening 
with „an entire aperture, is partially inclosed in the mantle ; the foot is very large, 
furnished in front with a broad lobe, which conceals the head, and behind which the 
tentacles rise. The mouth has a long retractile proboscis, and the animals are carni- 
vorous in their habits. They are all marine. In the Turbinidtz , tho shell is more or 
less conical or pyramidal, generally with a distinct umbilicus (Fig. 289), and the 
aperture is closed by a spiral operefilum (Fig. 328 d). The animal has a short muzzle ; 
the tentacles are long and slender, with tho ('yes supported upon short footstalks at 
their bases ; the sides are frequently furnished with tentacular cirri, and the branchial 
plume is single. Tho shells are generally pearly in the interior. These animals are 
very numerous, and widely distributed ; they arc all marine, and feed on vegetable 
% substances. The pyramidal Trocki , or top-shells, aro very common on all our coasts. 

Nearly allied to the Turbinida are the Neritidce , a small family of Mollusks, fur- 
nished with a thick and somewhat globose 
shell, with a small spire (Fig. 3JJ»9), and 
the margins of the aperture turned in and 
toothed. The eolumellar lip lias *a pro- 
jecting plate * chind which the inner walls 
of the spire are removed ; so that the inte- 
rior of tho shell presents a simple cavity. 
The animals have a broad foot, a broad 
muzzle, and very long tentacles, at tho 
base of which the eyes are placed upon 
short footstalks. Most of them are marine ; 
but one genus, tho Neritina , inhabits fresh 
water. The mouth of tho shell is closed by an appendiculato operculum (Fig. 328 a). 

In the large family of Turritellidw, the shell exhibits a great variety of form, being 
sometimes semi-globular, with a short spire, or even discoid, and sometimes much 
elongated and tapering gradually to the apex. The aperture is entire, and closed by an 
operculum, which is usually homy and spiral. The animal has long slender tentacles, 
which usually bear the eyes on their outer surface, at ot near the base. The Ulead is 
generally short and broad, without a proboscis, and the rows of teeth on the lingual 
ribbon are arranged in rows of seven. 



Kig. 339.— Neritu politu. 
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Most of thcso animals are marine, but several genera ore found in fresh w^atcr ; of 
Ijiese the Paludina Vivipara, which is common in Britain, is, as its name implies, vivi- 
parous, the young being hatched and retained within the oviduct until # they have 
attained a considerable development. The* Ampullaria arc furnished with a long 
siphon* They also inhabit fresh wa^rs, and often possess beautiful shells (Fig. 326). 
The common Periwinldo ( Littorina lit for ea) also belongs to this family.* In the genus 
Yermetus and its allies, the whorls of the spire are separated for the greater part of 
their length, giving the shell the appearance of a twisted tube* from this circum- 
stance they were referred tQ the Annelida* before the animat was knoign. 

The Cerithiida have an elongated spiral shell, with the outer margin of the aper- 
ture more or less dilated, and the base produced into a slight siphonal canal (Fig. 340). 
The aperture is closed by a horny, spiral 
operculum. The animal has a Bhort 
muzzle, and long, slender tentacles* 
having the eyes on the outside, at a 
short distance from the base. In the 

Aporrhdis pes pelerani , the margin of the , • 

aperture is much dilated, and the siphonal 
canal very distinct, forming a transition to thfi next family. 

The animals of the following families are all carnivorous in their habits ; they have 
spiral shells, with the aperture notched, or produced into a cabal at the anterior extre- 
mity. They are all furnished with a retractile proboscis. 



Fig. 341.— Strom frufl. • 

The Strombtdas have the outer lip of the shell much expanded, and notched in the 
neighbcufliood of the siphonal canal* the operculum is elongated, and toothed along 
the outer margin. The foot is narrow, and ill adapted for creeping ; but the animals 
are active, and leap woll. The proboscis is long and thick; the eyes large, and 
supported upon long stout footstalks, from the sides of which the short tentacles take 
their rise. The operculum is borne upon a curious process of the foot (see Fig. 341)# 
The dRated margin of the aperture is often singularly toothed, or furnished with large 
spines, as in the well-known Scorpion-shells (Pteroc&gs). The Strombtda feed princi- 
pally upon carrion, and many of them arc of large size. 
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In the vast family of Muricideo , tlie outer margin of the shell is not notched near 
the canal; the canal itself is sometimes produced in a line with the axis of the shell, 
and sometimes reflexed. The animal has a long proboscis, witli f which it bores through 
the shells *of other Mollusca , shortisli tentacles, which sometimes bear the eyes, and a 
broad foot adapted for crawling. The Murici$c arc all marine, predatory animals. 
Their shells are generally ornamented with spines (Fig. 292), which often assume the 
most singular forms. Many of the exotic species are of exceedingly beautiful colours, 
and some are of considerable value. The large Helmet-shells (Cassis) are much 
employe^! in the manufacture of cameos ; some of the species, such as the Whelks 
( Buccinum ), arc eaten ; afid it is supposed that the celebrated purple dye of the ancients 
was obtained from some Mollusk belonging to this family. In the nearly-allied family, 
Volutida , which also contains many elegantly-marked shells (Fig. 342), the outer 
margin of the aporture is not roflexed, the canal is reduced to a notch, and the inner lip 
is plaited. The skhtll is more or less cnwalopeh \n the mantle ; the foot is broad, and 
bears no operculum; These animals resemble the Muricidcc in their habits ; they are 
found principally in the tropical seas. 

The beautiful animals, forming thfc family Conida, arc nearly allied to the preceding 
Their shells are of a reversed honieal forcp, becoming broader towards the apex, the spire 
being often quite flat ; the aperture is long and narrow, and the operculum is very small. 





ingly elegant, and some of tlie rare species have realised almost fabalous prices^ In the 
Qyprceidm, one spcdlcs of which, the Cyprcea tigris (Fig. 343), is so common thgtit must 
be familiar to every one, the shell presents a very different appearance at different ages. 
In the young state it is distinctly spiral, with a plain outer lip ; but as it increases in 
age, the whorls arc brought into the ^ame plane, and in cotyrse of tyne the spire is 
usually entirely concealed. At the same time the outer lip becomes thickened, turned 
in and dentated, producing the appearance shown at Fig. 344. The animal greatly 
resembles that of the Volutidte ; but the mantle usually covers nearly the whole of the 
shell, and deposits upon its surface the eifamel which contributes so much to tj^c beau- 
tiful appearance of these shells. The Cyprtcidtc are found ift great abundance in the 
seas of the tropical parts of the world ; many of them are much sought after by 
collectors* and several of the smaller species aro applied to ornamental purposes by the 
natives of the countries where they are found. r Pho Cyprma moneta , or Money-cowry, 
stands in lieu of coin with the negroos^nf Western Africa ; and otlyjj; species are mado 
use of in the same way amongst uncivilized people. 

Order III — Fulm(jnifera. 

The PiFmoniftTous, or air-breathing Mollusca , including the land snails and their 
allies, arc distinguished, as we have already stated, not only by the structure of their 
respiratory organs, but also by their young being hatched in ^forrn closely resembling 
that of the parents. 

Divisions. — They arc divided into two great groups, the operculated* and the 
inopcrcnlnted Fnlmonifera . 

The opcrculatcd species form only a single family, the Cyclostomida, composed of 
snail-like animals, with thin spiral shells, of which the margins are usually refloxed 
all round. They have only two tentacles, with the eyes inserted in their basal portion. 
The Cyclostomidre, also, differ from the majority of the Puhnonifera . in being unisexual. 

Of the inoperculated section, the common land snails njay be taken as the type. 
They form the family Helicidtc , characterized by their amplfc external shell, within 
which tlfc animal can retract itself entirely, and by their posswsfon of four tentacles, 
upon the summits of tho. longest of which the eyes are situated. This is d very extensive 
family of herbivorous Mollusks, which are found in great abundance in all ports of the 
world. * * 

The Limacidce , or Slugs, resemble the snails in the form of the bo&j, in the number 
and structure of the tentacles, and in their habits; but their shell is very small or rudi- 
mentary, juid usually concealed in the interior of the mantle. The little family Oncidiidce 
consists of small, slug- like animals (Fig. 345), covered with a leathery f 

mantle, but quite destitute of a shell. The head is fUmishedevith ckher 
two or four tentacles. " They are generally found in marshy place 
upon aquatic plants ; hut some of them inhabit the sea-coast, within 
reach of the waves. They are mostly inhabitants of warm climates. 

In the Limtueida , or Fond Snails (Fig. 7), the shell is ample; 
but the tentacles are only two in number, with the eyes sessile near 
their bases. The shell is thin and homy, with the aperture simple ; 

whilstjn the Aurtculidas , whisk frequently inhabit the sea-shore, the Fig. 345. Onci- 

shcll is much stronger, with the margins of the apeejure thickened dium. 

and notched. In these the tentacles are also two ; but the eyes are situated on the 
head. 
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Class VII. — Cephalopoda. 

General Characters. — In their structure and habits the animals forming this 
class present a considerable advance upon the other Mollusca — an advance so great, in 
fact, that* by several zoologists they have been regarded as forining a distinct primary 
division of the animal kingdom. This view is supported by the presence of a rudi- 
mentary cartilaginous cephalic skeleton in these animals, and also by a peculiarity in 
the development of the embryo, which is not effected as in the other Mollusca . 

Their most striking character is afforded by the locomotive organs, which consist of 
a circle of tentacles, or arfhs, arranged round the head, and furnished on their inner 
surface with numerous emcking-cups, which enable the animal to take a firm grasp of 
any object (Fig. 286). By means of these arms the Cephalopoda creep along the bottom 
of the sea with the head and mouth downwards ; they also serve for the tapture of 
prey — these animals being very cainivorous in their habits. They also swim rapidly 
by the expulsion oj[ the water from the Jbrancbirl chamber. 

The branchiao in tly; Cephalopoda are placed on both sides of the body, which is short, 
thick, symmetrical, and not rolled in a spiral form. The shell is often spiral ; but the 
portion inhabited by the animal is divided from the rest by a transverse partition ; so 
that, by the successive growth of the animal, the shell acquires a chambered structure. 
The body is inclosed in a sac-like mantle, which is open in front on the ventral surface 
for the passage of water into the branchial chamber ; this is again expelled, by muscular 
action, through a separate siphon^ placed a little in advance of the incurrcnt orifice. 
The gills (Fig. *2fi7) are plumose organs, formed of numerous lamina) attached to the 
sides of% central stalk, through which the blood passes to them. At the base of each 
gill is a pulsating cavity, which drives the blood through these organs ; and this fluid 
is received in another cavity on its return from the gills, and by the contraction of this 
is driven into the central heart. 

The mouth is armed with a pair of powerful horny jaws, presenting a considerable 
resemblance to the oenk of a parrot, within which is a fleshy tongue, part of which, is 
covered w T ith rccurvcd*ppincs. The intestines are convoluted, and the anus opens into 
tile cxhalent sipHbn p tjc liver and salivary glands arc very large. < • 

In the development of the nervous system (Fig. 6), the Cephalopoda exhibit a great 
advance upon the other Mollusca . The cephalic portion is very large, and eoihposed of 
several ganglia, closqjy united together ; the oesophagus, as usual, passes through the 
ring formed by the suboesophageal ganglia. The brain is surrounded by a cartilaginous 
ring, the first indication of an internal skeleton, which also usually gives off processes 
for the support of the eyes. The latter organs are of large size, placed on the sides of 
the head, ajrd resemble those of fishes iu many respects. The auditory vesicles, with 
their otolith&s, arc also imbedded in, the cartilaginous ring. Two small cavities, in the 
neighbourhood of the eyes, are supposed to be organs of smell ; *and, as we have already 
seen that the tongue is a fleshy organ, it appears probable that the Cephalopoda possess 
all the senses in a state of considerable perfection. 

The skin is generally thick and leathery, but covered with a delicate cuticle, in 
which numerous cells of different colours ( ehromatophord ) arc inclosed. The animal 
possesses the power of altering the position of these cells ; so that the tint of the skin is 
constantly changing; this effect continues even for ( some hours after death, and 
furnishes the inhabitants of thope countries, where the Cuttle-fishes are eaten, an excel- 
lent means of judging of the freshness of the fishmonger’s commodities. 
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A peculiar organ possessed *by many Cephalopoda is the ink-hag, a small pyriform 
sac inclosed in the visceral cavity, which secretes a dark brown fluid ; it comzmyoicatcs 
by,a duct with the ekhalent siphon, and through this its contents may be discharged 
into the water, which is thus discoloured for a considerable extent. When* attacked, 
the animals constantly employ this artifice to facilitate their escape, the inky Secretion 
producing a thick cloud in the water^pder cover of which the Cuttle-fish rapidly 
retreats to a safe distance from the object which has excited his apprehensions. This 
fluid was formerly employed in the arts, and gives its name to the well-known colour 
denominated sepia (Sepia, a Cuttle fish) ; but a considerable jportidh, if not the whole, 
of the article sold under this name is now derived from other sources. It is remarkable 
that the ink-bags of Cuttle fishos ar^ often found preserved iif a fossil state, although 
the remainder of the animal is reduced to an almost unrecognizable form. 

The Cephalopoda are all unisexual animals ; their ova are usually of large size. 
The sexes are generally very similar in appearance ; but in some species males of a 
very peculiar form have been observe dj Hrhich* at their first disco-* 
very, were regarded as parasitic worms, and described under* the 
generic name of Hectocotylus. They arc worm-like creatures, furnished i 
with a double row of sucking-cups, wnich give them a close resem- 
blance to a detached arm of a perloct animal. On the surface opposite 
to these suckers they arc provided with filamentous branchiae in 
some species ; but these are wanting in others. They aro gei^rally 
found adhering to the siphon of the female, but sometimes attach V tTmaf^ 0 
themselves to tho arms of their partner, upon which they creep about • with y^k sac!* 
rapidly by the assistance of their suckers.* 

We have already stated that a difference exists between tho Cephalopoda and the 
other Mollusca in the mode of development of the embryo. In the latter, the entire 
yelk becomes converted into an embryo ; in the Cephalopoda , on the contrary, the first 
rudiments of the young animal make their appearance at a particular portion of the 
surface of the yolk, so that the development of the embryo takg s place exterior to this 
body, which gradually disappears as the young Ccphalopod approaches maturity. 

Bivitfiona. — The Cephalopoda are divided into two orders characterised by t£e 
number of their branchial plumes, of which there aro either one or two oh each side. 

Order I. — Txtrabranchiata. 

General Characters.— This order, which includes a vast number of fossil 
forms (Ammonites, &c.), is represented in our seas only by the Nautili, of which a few 
species still inhabit the seas of tropical region's. They are all inclosed in a shell, 
divided by transvorse partitions into a number of chambers (Fig. 347^f grad uall y 
increasing in size towards the mouth of the shell* where £ considerable space is left 
for the habitation of tho animal. As tho latter grows, and increases tho size of its 
shell in th$ usual manner, by additions to the mouth, it, .at the same time, cuts off a 
portion of the space it formerly occupied by a fresh partition ; thus adding another 
chamber to its residence. The partitions are traversed, either in the centre or close to 
the wall of the shell, by apertures, through which passes a vascular siphuncle , commu- 
nicating with the chamber in which the heart lies,. The remainder of the chambers is 
filled with air. In the recent Jjfautili, and in many fossil spec.ies, more or less allied to 

• According to the observations of H. Muller, the Hcctocofyhte of the Argonaut is developed in 
the place of one of the arms of the male. 
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' ^ hcse, the partitions are of a plain, cup-like form, with the concavity directed towards 
the mouth of the shell ; but in many fossil forms (such as the Ammonites, Fig. 348, 

and their allies) tliq partitions are folded 
towards the edges into various singular 
forms ; and as 4he thin shells of these 
(jfeatures are often entirely abraded, so 
that the fossil is merely a cast of the 
interior, these patterns arc frequently 
very distinctly visible, and their varia- 
tions then afford excellent characters 
for the discrimination of the species. 

The animal inhabiting this curious 
and beautiful shell was lejng almost 
unknown, and our knowledge of its 
structure has only been very recently 
obtained. It is completely retractile 
within the mantle ; its head is sur- 

Fig. 347. — Scctio,: of Nautilus, with the animal. rounded by a great number of tonta- 

' a, portion of a tentacle. , , . , , . 

clcs, which are retractile within 

sheathes; and instead of being furnished, as in the ordinary Cephalopoda , with sucking- 
cups, are slighly annulated (Fig. 347 a). The branchiae are four in number, placed 
two on each side of the' body. 

The animal of the Nautilus, toe only one with which we can now be acquainted, 
usually creeps, mouth downwards, along the bottom of the sea ; it is sometimes, Low- 




Fig. 348. — Ammonites nodosus. 

ever, dislodged from this situation by storms, when it has been seen to float on the 
urface in a reversed position /with the tentacles expanded. An opinion has very 



generally prevailed that this w*ft, in reality, the favourite position of the Nautilus^ and 
that its chambered shell wa a intended to give it the buoyancy ^necessary (pr this 
propose. This, howSver, is contradicted by observation ; and it appears that th? empty 
chambers only serve to approximate the specific gravity of tho animal as*nearly as 
possible to that of the medium it inhabits. * • 

Divisions. — The Tetrabranchiate tiyphalopoda form two families, — fho Nautilidm 
and the Ammonitidce . The former, which includes the only living representatives of 
the order, is distinguished by the simple structure of the partitions 
of the shell, and by the central position of the siphuncle. The shell 
is sometimes spiral, as id the Nautilus (Fig. 347) ; but then ^lways 
consists of but few turns; sometimes perfectly straight (firthoceras)^ 
or merely twisted at tho apex in a crosier-like form (. Lituites , Fig. 
349). In tho Ammonitidm the partitions are bent or folded into 
various forms, and the siphuncle runs along the outer wall of the 
shell, which is usually •spira^ and composed of gumerous whorls. 
Of the genus Ammonites (Fig. 348), upwards of five hundred species 
are known, and many of these are of great sizc. # In some cases, 
the shells, although spirally twjpted, have the whorls separate f in 



Fig. 319.— Lituites Fig. 830.— Turrilites. 

Breynii. 

other instances ( Baculites ) they are perfectly straight. The genus Ptychoceras has a 
straight shell, doubled in the middle, with the two parts cloJ^ly applied ; whilst in 
Turrilit$s % ( Fig. 350), wc have a regular screw-like shell, resembling that of Turritellm , 
amongst the Gasteropoda . * 


Order II.— Dibranchiata. 

General Characters. — This order, which includes a great number of living as 
well as fossil species, is distinguished from the preceding . . • 

not only by the possession of only two branchiae, but also 
by the general structure of the body, which is adapted 
especially for swimming rapidly through the waiter, al- 
though the animals are able to creep, with tho head down- 
wards, upon the bottom of the sea. I 

The shell is almost always internal, frequently rudi- A jlL 

mentary ; and when external is never chambered. The arms \ jjl 

arc only eight or ten in number, furnished with sucking Ow Sr 
discs ; and the body is usually provided with a pair of fins. 

Divisions. — The Dibranchiata are divided into two lff * 3j with S its shell. cronil> 
principal sections, characterized by the number of their arms. 

The Decapoda have ten of these organs, of which t^ro (called tentacles) are usually 
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much longer than their fellows, retractile, of a cylindrical form, flattened and provided 
with suckers at thb extremity. Of these, the Spiralidm appear f,o make the nearest 
approach to the animals of the preceding order, as thoy aro furnished with a chambefed 
shell (Fig: 351), which, however, is almost entirely concealed within the body. These 
animate inhabit the seas of the warm parts of the world, apparently in great abundance, 
as their shells are cant upon the shore in pf&fusion ; nevertheless the structure and 
habits of the animal are almost unknown. 

In the remaining families the shell is entirely inclosed. In the Sepiida it forms 
a broad calcareous flate, germinating in an imperfectly chambered apex. The shell of 
one species, the Septa officinalis , is the well-known Cuttle-fish bone of the shops ; it 
was formerly employee? in medicine, but is now principally used as pounce. The bodies 
of these animals are usually of a somewhat ovate form, and the fins run along the whole 
length of the sides of the body (Fig. 352). 

In the Loligidcc ( Calamaries or Sfiuids), which are nearly allied to tho preceding, the 
body is almost f^ways of on elongated firm, Lid the fins are broad, and confined to the 




Fig. 353. 

Ten of Ony- 
ghotoutbia. 

Fig. 352.— Sepia*Hieredaa. Fig. 354.— Chirotcuthis Bonellii. 

apex of the body. The shell is represented by a homy plate (Fig. 353), which, from its 
consisting of a central shaft and two lateral expansions, has received the name of the 
pen. These animals are exceedingly active, and swim well. Their arms are frequently 
of considerable length, the tentacular arms especially, which in the genus Chirotcuthis 
(Fig. 354) attain no less than six times the length of the body. They arc found com- 
monly in all seas. The common British species ( Loligo vulgaris) is often thrown upon 
the beach after high winds ; anc^ this and other species arc much employed as baits in 
various fisheries* * 
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In the fossil family Belemnitida , the structure of the internal shell is far more 
complicated. In itg general form (Fig. 355) it resembles the peh of the • 
C&lamarics, forming a broad corneous plate, which terminates posteriorly in a •JBm 
regularly chambered conical shell (the phragmocone ), which is furnished? 
with a distinct siphuncle. At its lower extremity, the phragmocone is 
inserted into the base of a firm, solid} cylindrical sheath, which evidently 
serves to protect the phragmocone from injury when swimming backwards, 

From this provision it has been concluded that the Belemnites lived in the 
neighbourhood of the shores, where they would be in conftant ^danger of w| 
coming into collision with fixed objects. From impressions of these? soft IS® 
animals, which have been preserved in some fine grained strata, it appears that JjK 
they closely resembled the Loligida in form ; their arms were furnished with mm 
rows of sharp hooks. « 

The Octopoda are distinguished by the possession of only eight arms, H 
without the retractile tentacular arms*ot tho*true Cuttle-fishes; they are II 
but rarely furnished with fins. The Octopodidas are naked animals, with II 

scarcely any trace even of an internal shell. The arms are unitedoat the II 

base by a broad membrane, which appears to be of great service to the v 
animals in swimming. They are exceedingly active and Voracious, preying Fir. 355. 
with avidity upon Crustacea and fishes. To this family belongs the common Belemnite. 
“poulpe” of the Mediterranean (Fig. 356), which is a regular article of food in tho 
south of Europe. The Octopodidce not unfrequ«Ltly attain a considerable size. 
M. Sander Rang mentions one, which he saw, of the size of a large citek. Th^ tales of 
navigators attribute still larger dimensions to some of these animals, which have been 
said to possess arms of thirty, or even sixty, feet in length. From the same 
authorities it would appear that these giants have a mischievous and very disagreeable 



Fig. 356. — Poulpe (Octopus vulgaris). 

propensity for embracing any passing boat, with theiisenormous arms, and dragging it 
down into the deep. To ridicule this idea, Denys de Montfort has represented one of 
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these monsters in the act of ingulfing a three-master, an arm being twisted roun 
each of* the masts, and reaching nearly to the top ! The Krafym of Scandinavian 
superstition appears to be a still moro exaggerated representation of one of thdse 
animals. *Its existence was gravely alleged by Pontoppidan as the cause of the occa- 
sional disappearance of islands ! 

The Argonautidcs £re furnished with an external shell, the texture of which has 
obtained for it the name of the Taper Nautilus . These animals are remarkable for 
having two of the ^arms dilated into broad plates, by the expansion of which, when 
floating at the surface with its shell reverse^, the ancients, and many of the modems, 
« r have supposed that the 

Argonaut sailed gently 
along in his fragile boat, 
on tho surface of the 
summer sea. This notion, 
consecrated as it is by 
poetical usage, proves to 
Fig.JW—Aiwnauta Argo dimming. be entirely incorrect. Tho 

Argonaut uses its dilated arms to gfasp its shell, whilst swimming backwards, like the 
other Cephalopoda, by tho Expulsion o£ water from its branchial chamber (Fig. 357) ; 
these organs also appear to secrete the shell, which is not attached to the body of the 
animal. The male Argonaut is not provided with a shell. 



We have thus traced, as fully as our space would permit, the leading characteristics 
of tho vast and varied series of Invertebrate animals . Throughout the classification 
adopted we have endeavoured to represent, as nearly as possible, the gencrally- 
rcceivod views uyon t£is branch of Natural History, deeming that in a work of this 
nature, intended for* pr.pular instruction, it would be more serviceable to ffirnish the ! 
reader with an intelligible account of the views generally admitted, than tp run tho 
risk of communicating erroneous notions by adopting the new and imperfectly deve- 
loped view% which nftist necessarily prevail during the transition state of any depart- 
ment of science. For this reason we have retained tho division of Radiated animals, 
although, as we have already stated (page 270), tho views of naturalists regarding 
these creatures arc in a very unsettled state. The study of these animals is attended 
with gteat*4tfft cu lti e: ** The very nature of many of them is but little known ; and wo 
cannot expect that «nv satisfactory results will be attained until our knowledge of 
their structure, and especially of their development, shall have made a vast advance. 

As it is, however, the classification of the lower animals has made a grdkt advance 
of late years. The division Radiata of Cuvier included a heterogeneous assemblage of 
animals ; and, in fact, with that Zoologist and his succossors, served as a repository for 
anything that could not easily be placed elsewhere. Since the days of Cuvier many 
of these creatures have been referred to more suitable positions. The entiro series 
of intestinal worms, as well as the Rotifer a, have been removed to the Artieulata f 
and the Bryozoa to the Molucca ; whilst the entire division of the Trotozoa is a 
dismemberment of the Cuvierian Radiata. The animals still left in the Radiate 
< ! 
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division are the Amlephm, the Polypes (except the Bryozod ), and thp Echinodermata of 
(Juvier ; but the differences between the last-named class and the other RaMata are 
exceedingly great. * 

An apparently advantageous alteration in the classification of these animals has 
been proposed by Lcuckart and Hu v Jcy. These Zoologists separate the Cuvierian 
Acalephtv and Polypes from the Echinodermata , thus forming with* them agtoup which the 
former denominates Cwlenterata , from the structure of the alimentary organs ; the latter, 
Nematophora , from the presence of thread-cells in the skin. According to Lcuckart, 
this group may be divided into three classes, one of which i*Pcomposed # of the Hydroid 
Polypes, the Discophora and the Sipkonophora ; the second of tjie Asteroid and filelian- 
thoid Polypes ; whilst the third includes the Ctcnophora. The Echinodermata must 
then be regarded as very aberrant forms of the Helminth oid section of the Articulates 
division ; this at least is Mr. Huxley’s view ; Professor Lcuckart has not told us what 
he proposes to do with the remainder of the Radiata . 

Of the unicellular constitution of the Protozoa , considerable doftfis arc now being 
raised ; and it seems difficult to reconcile the varied functions performed by these 
microscopic creatures, with their supposed simplicity of structure. Hitherto, however, 
authors have generally confined themselves to the expression of doubt ; and no satis- 
factory theory with regard to the constitution *bf theso living atoms has yet been put 
forward. 

There are two phenomena, or rather two modifications of Yhe same phenomenon, to 
which we must refer in this place, as they are exhibited by members^of all the Inverte- 
brate groups of animals. These are gemmation , and the so-called “ alternation of 
generations ;” the latter being only a peculiar modification of tho former. 

In ordinary gemmation, the original individual produces buds which gradually assume 
tho form of their parent, and are then either thrown off, to lead an independent 
existence (as in the Hydra), or retained in more or less intimate connexion with tho 


parent (as in the compound Polypes and Bryozod). We have here, then, an “alterna- 
tion,” not of “ generations,” but of “ reproductions the tjvum producing a single 
animal, which produces others exactly resembling itself by a*diidsk>n of its own sub- 
stance ; and all these are equally capable of both sexual and genimiparoys reproduction. 

The process by which tho “ alternation of generations” is effected, differs in nothing 
from ordinary gemmation ; but the result of tho process is somewhat different. In 
tho cases to which this name has been applied, the individuals produced by gem- 
miparity differ more or less from their immediate parents j the functioiffe of sexual repro- 
duction are confined to thorn, and the ova which they produce give rise to gemmiparous 
individuals. There is consequently no such thing in nature as an “alternation ot 
generations and the phenomenon which has bpen so denominated consists simply in 
an alternation of gemmiparous and sexual reproduction, tn whifh the offspring of tho 
former process differs more or less from that of the latter, 

Tho observation of these phenomena has introduced considerable difficulty into tho 
realization of the idea of an individual animal . We cannot regard every independent 
animal form as an individual animal, since we know that many of them occur as 
successive phases in the development of particular species ; and on the other hand, it 
is by no means easy to conceive that these active, independent beings, arc merely com- 
ponent parts, or organs , of a composite individual. Yet this appears to be the only 
satisfactory mode of explaining the phenomena in Question ; and we must therefore 
regard the whole of the forms produced from a single ovum, until tho progeny of that 4 
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ovum produce ova in their turn, as so many manifestations of the life of an individual 
animal. « The sum of those manifestations, therefore, makes up th<* life of the animal. 
It has b&n proposed to employ the term sooid, to indicate the separate manifestations 
which, when put together, constitute tfce zoon, or animal individual. The German 
naturalists have applied the term nurses (ammen) to the gemmiparous zooids. 

This view may perhhps bo rendered clearer a comparison of the phenomena with 
those of the metamorphosis of insects. In the latter the egg produces a sex-less indi- 
vidual (larva), which undergoes certain changes before attaining its reproductive form; 
but during the whole of these transformations it still retains its perfect individuality. 
But if euch larva gave rjse to one or more sexual forms by gemmation, wc should have 
a case of “ alternate generation and this really ‘takes place in the Aphides (p. 348), 
if we may regard the viviparous specimens as gemmiparous larval forms. 

These phenomena present very different degrees of complication in different species 
of animals. Thus the individual Salpa (p. 423)^ consists of two zooids, one oviparous, 
the other gemmiparous ; the Medusa exhfoit a greater complication, the polypes produced 
from their ova often producing other polypes by ordinary gemmation, from which sexual 
Medusa again tak£ their rise (see pp. 252, 253). The Cestoid worms also consist of two 
sots of zooids ; the embryo is a cystic* worm, always furnished with a head, and often 
producing several heads by gemmation*; each head afterwards produces a series of 
sexual zooids by gemmation, which together form the ordinary Tape- worm (see p. 272. 
In some Trematode wormS the individual consists of three zooids : the free-swimming 
embryo (1) produces a sac-like bo<fy (2) by internal gommation ; and this in like manner 
gives ris^to a number of germB, which are converted directly into the sexual zooid (3). 
In the Aphides , as many as eleven consecutive scries of gemmiparous zooids have been 
observed to intervene between two periods of sexual reproduction. 

We trust that these remarks, brief as they arc, may suffice to furnish the reader 
with a tolerably clear notion of some of the most interesting phenomena in the Natural 
History of the lower animals,— phenomena, the correct comprehension of which is of 
the greatest importance JRo the student of Zoology. 
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Abies (Lat. “a fir tree”), secretions from the, 49. 

Acacia catechu (Gr. akakia , an Egyptian Ahorn, 

‘ and German katehu , an astringent herb), 
tannic acid obtained from, 50, 54; pollen of 
the, 122. 

Acer campestris (Lat. the •• field maple,” fycan 
acer sharp), 75. 

A. saccharinum (Lat. the “ sugar - yielding 
maple”), 23. 

Acids, vegetable secretions, 50. 

Acotyledonous seeds (Gr. a privative, and cotyle 
a cavity — “’wanting cotyledons”), 135. 

Acrogens (Gr. ricros the summit, and ginomai 
to grow), Class II. of Lindlcy, 186. 

Acrostalagmus cinnabarlus (Gr. akros the sum- 
mit, and atalagma a distilled drop; Lat. 
“cinnabar”), 145. 

Adder’s-tongucs, 175. 

Adnate stamens (Lat. adnata growing to), 121. 

Aerial roots, 92. 

Aerial stems, 72. 

iEschynomcne (Gr. aischynomai to be sensitive), 
section of the, 16. 

Agaricus campestris (Lat. 11 the field mush- 
room”), 147. 

Agarictb^foetcns, and A. campestris, 173. 

Agave Americana (Gr. agavos admirable), the 
American flux-plant, 22 stomata of the, 62. 

Aggregati (Lat. “ aggregata ”), Clues II. of 
fruits, 132. 

Air-chambers of an aquatic plant, 12. 

Albumen of seeds, 135. 

Alder bark, a vegetable dye, 54. 

Alder tree, section of its root, 17. 

Algm (Lat. alga a sea-weed), some of them 
claimed both by the botanist and the zoolo- 
gist, 5; family of the, 147; comprehend a 
large proportion of the lower vegetable king- 
dom, 1/2. 

Algales, 185. 

Alismales (Gr. alisma the water-plantain), 167. 

Alkanet root, a vegetable dye, 54. 

Allium (Lat. “ an onion ”), 41. 

A. porrum (Lat. “the leek”), cells from the 
flowering stem of the, 9. * 

Allman’s botanical investigations, 38, 39. 
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Ain us (Lat. “ the alder free ”), 17. 

A. glutinosa, 54. • 

Amentaics (Lat. an^ntum a catkin), 1&. 

Amnios of the seed (Gr. amnion a thin mem- 
brane), 36. 

Amomales (Gr. a and momoa a counter-poison), 
18* 

Amphitropal of the ovule (Gr. amphl about, and 
9 trope a turning), 128, 1x9? 135. 

Amygdalus amura ft5r. amagdala an almond, 
and Lat. “ bitter ”), oil d the, 47. 

Anu^-opal of the ovule (Gr. ana backwards, and 
trope a turiyng), 128, 129. 

Anchusa Italica(Gr. angchousa paint, and trope 
a turning), 128, 129. 

A. tinctoria (Lat. ^tinted”), 54. 

Andropggon schcenanthus (Gr. atier a man, and 
pogon a beard ; schoinqp a rush, and anthos 
a flower), oil of the, 47. • 

Anethum graveolens (Gr. ano upwards, and 
theo to run ; Lat. “ strong-smelling ”), oil of 
the, 47. 

Angiospermia (Gr. angos a vessel, and aperma 
seed), order of, 153 ct passim. 

Angular-lobed leaf, 98. 

Animalcules, the sdUrce of silica, 55. 

Annatto, a vegetabl£ dye, 54. 

Anther of the staxmgi \X* r *anthos a flower)* 118, 
119 ; of flowers, 180. • 

Antheridia of the fern (Gr. anthera belonging 
to flowers), 141 ; of mosses, 143. 

Anthocarpi (Gr. atifhoa a flowfer, and karpoa 
fruit), 132. 

Anthracite coal (Gr. anthrax coal), porous duct 
•from, 17. 

Antirrhinum, pollen tubes in the pistil of the, 

122 . * 

Apcftarpus ogary (Qr /apo from, and karpoa 
fruit), 126. 

Apocarpi, Class I. of fruits, 131. 

Aporum anceps (Gr. a and poroa, wanting 
pores; Lat. anceps double), tubercles and 
cavities of the, 20. 

Apple, its seed inclosed by sderogen, 13 ; add 
juices of the, 50. 

Apple-leaf, stomata of the, 61. 

Aquatic plants, circulation in, 15. 

Aralcs (^t. arc to plough), 187* 
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Arabians, the early cultivators of botany, 3. 

Arachis h) pogeoa, 45. 

Aren pa sacfchurifera (Ind. 44 the palm,” and Lat. 
44 sugar-producing ”), 53. 

Aril of the nutmeg, 137. r 

Aristotle regarded as the founder of the science 
of botany, 2. • * 

Armeria fasciculate (the Sweet William), pollen 
of the, 122. 

Arrow-headed leaf of thd Sagitjaria, 98. 

Arum maculntum , (Egypt, arum a herb, and 
Lat. mabulatum spotted), ^arch secreted from 
the, 33, 38 ; corm of the, 71 ; inflorescence of 
the, 106. 

Asarales, 192. 

Assafcetida (Lat. asa a gum, and feetida link- 
ing), whence produced, 49. 

Astralagus gumnifcfti *(Lat. “the ankle-bone^’ 
and “ gum-bearing ”), whence obtained 48. 

Atar of Kcova, a vegetable oil, 47. 

A. of Boses, a vegetable oil, 47. 

Australia, gum-trees of, 49. 

Axis of plants, 90. 

B «? 

Dacca, the berry, 133 % 131. 

Balsam, ducts of the, 27. 

Banana tree, cells of its leaves, 11. 

Banksia, stomata of the, 63. 

Banyan tree, its immense Bize, 30. 

Baphil nitida, 54. 

Bark of exogenous stems, 75, 77 ; its various 
divisions, 77, 78; its uses, 79; branching 
vessels of the, 79. c 

Bassiu latifolia, &c. (in honour of Antonio Bassia , 
and Lat. 44 broad-lei ved ”J. 4C. 

Beech tree, conceqtric layers of sclerogen in the 
cells of its bark, 14 ; representation of the, 73. 

Beet-root, sugar obtained from the, 52. 

Benzoin, whence produced^ 49. 

Bcrbcris vulgaris (Lat. 41 the common ber- 
berry”), leaflets'of the, 101 ; stamen of the, 
118. 

Bcrberalcs, 189. 

Berg MchP, thesoource of silica, 55. 

Betula (Lat. “tlie birch 27; o£L of tho jiark 
of, 47. 

B. alba (Lat. 44 the white birch tree ”), 23. 

Bignonia, section of a stem of the, 84. 

Bignoniales, 121. 

Birch tree, fermented juice of the, 23 ; ducts of 
the, 27. 

Bitter almonds, oil of, 47. 

Bixa orellana (S. American), a vegetable dye ob- 
tained from, 54. 

Blaok, and Blue, the prinoipal odours presented 
by plants, 53. € 


Boletus (Lat. 44 a gigantic mushroom”), elon- 
gated cells of the, 11, 15f 

Borassus flabelliformis (Gr. boras&oa the palm* 
and Lat. 44 fan-forn^ed ”), the Palmyra palm, 
23, 24. 

Botanical gardens, 3. 

Botnrenckyma (Gr. bothrion a pit, and enchyma 
an injection), a pitted tissue, 17 ; its great im- 
portance, 18. 

BOTANY, the important objects of, 1 ; historical 

'notices of, 2 ; its distinguished promoters, 3. 
The early Classification of Plants, 3; their 
structure, 5; the elementary and cellular 
tissues, 7 et seq. ; their woody fibres; the vas- 
cular tissue, 25 ; tho lacticiferous vessels, 29 ; 
their secretions, 32 et seq. ; their colouring 
•principles, 53 ; their organs, 57 ; their stomata, 
61, and hairs, 65 ; the glands, 69 ; the corm 
and tho bulb, 71 ; wooded stems, 73 ; the pith, 
76 ; the bark, 77 ; the wood, 79 ; longevity of 
trees, 83 ; their cellular structure, 85 ; the 
roots of plants, 90; the leaves, 93 et seq. 
Organs of reproduction, — the inflorescence, 105 
et seq. ; the stamens, 116 et seq. ; the pistil, 
123 et seq. Classification of fruits, 131 et seq. 
Flowerless plants, — Ferns, 138 ; mosses, 143 ; 
lichens, 145; algee, 147. Classification of 
plants, 149; tho Linnman system, 151 — 182. 
Natural Order of plants, 183. Dr. Lindlcy’s 
system, 184 — 192. 

Bract, the, of inflorescence, 108, 109. 

Brake fern, scalariforin vessels in the, 28. 

Branches of trees, 73, 74. 

Brassica rapa (Lat. brassica a cabbage, and rap a 
rape root), the turnip, 32 — 45. 

B. nupuB, 45. 

Brazil wood, a vegetable dye, 54. a 

Brittle-worts, the slime of stems, 172. 

Brown, one of the principal colours of vegeta- 
tion, 53. 

Bryophyllum calycinum (Gr. bryo to sprout, and 
phyllon a leaf ; Lat. calyx a cup), leaf of the, 104. 

Buck’s botanical investigations, 36, 37. 

Bulb of plants, 71. 

Butter, a vegetable Becretion, 46. 

C 

Cacao butter, whence produced, 46. 

Cactus, crystals from the cuticle of a, 41, 42. 

Cactales, 192. 

Cmsalpina Braziliensis (in honour of C. Ccesal- 
pinus , and Lat. 44 Brazilian ”), 54. 

Cajcputi oil, a vegetable secretion, 47. 

CalamuB aromaticus (Lat. 44 an aromatic reed”), 
oil of the, 47? 

Calyx (Lat. 44 a cup ”), a part of inflorescenoe, 
109—111. 
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Cambium, the formative fluid of trees, 5, 6. 

Camina of the petal (Lat. caminus a chimney), 

• 114. # 

Campanula (Lat. “ a little bell”), hairs of the, 

68 . » 

Cam pan tiles, 191. 

Camphor, a vegetable oil, 48. 

Cainpylodiscus clypeus (Gr. kampylofbcnt, and 
diskos a disk; Lat. “a shield’*), silicious 
skeleton of the, 55. 

Campylotropul of the ovule (Gr. kampylos , ayd 
trope a turning), 128, 129, 135. 

Camwood, a vegetable dye, 54. 

Cane, 6ugur produced from the, 52. 

Cane sugAr of the Southern States, 23. 

Canna bicolor (Lat. canna a cane, and bicolor 
two-coloured), spiral vessels of the, 25. 

Caoutchouc (Ind. “elastic gum”), proeftiffed 
from vegetable juice, 31. 

Capillaries of the Frog’s foot, 29. 

Cupitulum (Lat. caput a head), in the order Com- 
posite, 106. 

Capsule of the poppy, 133, 134, 

Carapa or Crab oil (Gr. karabos a crab), whrncc 
obtained, 46. 

Caryophyllum aromaticum (Gr. caryona a nut, 
and Lat. “aromatic**), oil of the, 47. 

Carpels of the pistil (Gr. karpos fruit), 125, 127. 

Carrot, vegetable secretion of the, 32. 

Carthamus tinctoria (Arab, quortom to paint, und 
Lat. “ tinted**), 54. 

Cartilage from the ear of a rat, 15. 

Carum carui (from Caria in Asia Minor), car- 
raway oil of the, 47 ; the carraway seed, 109. 

Cassava meal, starch secreted from, 33. 

Castor oil, a vegetable secretion, 45. 

Casto^ (y\ plant , tube from the, R. 

Catechu (Germ, “un astringent herb **), tannic 
acid gbtained from, 50 a vegetable dye, 51. 

Catkins of the willow, 105, 106. 

Caudex of the root (Lat. candor a stem), 91, 92. 

Caulis cxcurrens (Lat. “a branching stalk**), 73. 

Cells of plants described, 9, 10 ; of the orange, 
10; forming a tube, 11; various terms for 
defining their shapes, 11 — 13; multiplication 
of, 16 ; of the pith of treee, 75 ; of the sta- 
men, 121. 

Cellular structure of leaves, 94. 

Cellular tissues, 8 ; uses of the, 15, 16. 

Cephalofes (Gr. kephalos headed), pitcher of the, 
103. 

Chalaza (Gr. “ hail ’’) of the ovule, 129. 

Chara vulgaris (Gr. ehairo to delight, and Lat. 
“common ”), spiral fibres of the, 144, 145. 

Charas (sea-weeds) described, 173. 

Chelidonium (Gr. chelidon a ^wallow), lactici- 
ferous juices of the, 28. 

Chelsea, medical botanical gardens at, 3. 


1 J 

Chenopodalcs (Gr. chcn a goose, and podes feet), 
190. • 

Chestnut, spiral vessel of the, 26 ; starch grains 
of the, 37 ; leaf of the, 97. # 

• China grass, substituted for flax, 22. 

Chlorophyl (Gr. chloros green, a fid phyllon a 
leaf), one of the chemical qplouring principles 
in vegetables, 53. 

Chromule (Gr. chroma colour), one of the che- 
mical colouring priiynples in vegetables, 53. 

Cinchonales (Peruvian bark trees), 192. 

Cinnamomum zeylanicum. (Arab. kincynon), oil of 
the, 47. • 

Circulation of plants, 17; woody fibre the chief 
organ of the, 20. 

Circuma longa, 54. 

Cistales (Gr. kistos a capsule), 189. 

Si itric acid, whence derived, 50. 

Citrus (Lat. “ the grange”), hexagonal cells of 
the, 10. 

C. limonum, oil of the, 4 f. 

C i. A sks and Ukdkub, origin and characteristics 
m of the, ]5lq tabular view of the, 152, 153. The 
Classes of Linnuius from I. to XXIV., — Monan- 
dria, and Diundria, 153; Triandria, 154; Te- 
trandria, and Ventandria, 155 ; Hexandria 
157 *Heptandria, 158; Octandria, 159; Unnc- 
andria, and I)ecandria,«!60 ; Dodecandria, and 
Icosandria, 161 ; Polyandria, 162? Didynaimu, 
163 ; Telradynamia, 164 ; Monodclphia, 165 ; 
Diudelphia, 166; Polydelphia, and Syngenesis, 
167; Gynandria, 168; Monoecia, 169 ; Dianna, 
171 ; Polygamia, and Cryptogam ia, 172. In- 
structions for ascertaining the, 176 etseq. 

Classes of plants, according to the Natural sys- 
tem of l)r. Linf^ley, 184 et scq. Class I. to 
VII., Thallogcn#, ^85^ Acrogens, Rhizogens, 
and Endogens, 1#6; Dictyogeus, 187 ; Exogens, 
with their sub-classes, 188£-192. 

Classification of fruits, 131 ; of plants, 149 ; the 
Lin nee an system of, 151 ; illustrations of, 176 
et scq. • 

Clematis, section of a stenyrf the, 84. 

Cloves, oil of, 47. 

‘Club mosses, H2. 

Cocoa -mi t oil, a vegetable secretion, # 44 ; its che- 
mical constituents, ilj, 

Co8oa*nut pftlm, obtained from vegetable tissue, 
23. 

Cocoa-nut shell, wall-cells of the, 13. 

Cocos nucifera (Portuguese macoco a monkey, 
and Lat. nucifera nut-bearing), the cocoa-nut 
palm, 23, 44. 

Colchicum autumnale (from the city Colchis , and 
Lat. “ autumnal *’), starch oells of the, 3S. 

Collomia grandiflora (Gr. holla glue, und Lat. 
grand'flora bright-flowered), 14. 

Collum^Lat. “ the neck **j of the plant, 58. 
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Colour, the numerous shades of in vegetables, 53. 
Colouring principles of ‘plants, 53 ; the various 
dyes, 54. * 

Composite, brpcts of the order, 109. 

Compound leaves, 99. 

Cone, naked seeds of the, 129. 

Conferva (Lat. confero to joifi or heal a wound), 
ciliated spores of the, 4, 148 ; described, 173. 
Coniferro (Lat. “ cone bearing ”), the fir tribe, 
19, 20. • 

Copal, whence produced, 49. • 

Coriandrun. sativum (Or. kova a bug, from the 
smell of its leaves ; and Latf “ springing up’*) , 
oil of the, 47. 

Cork, the bark of exogenous stems, 77, 78 ; tannic 
acid secreted from, 50. , 

Corm of plants, 71. 

Cornus macula (Lat. f.os,nu a horn, and macule* 
spots), intercellular spaces* n disease of the, 12. 
Corolla (Lat. “ a little^rown”), its inflorescence, 
112, V3; various forms and specimens of the, 
114, 115 ; its anatomical structure, 115. ' 

Corona of the tree, 73. * « 

Cortusalcs, 191. 

Corylus avellana (Lat. corylus tjie hazel-tree, and 
avellana a filbert-nut), 25, 2&. 

Corymb, the, of inflorescence, 107. 

Cotton, the of illustrated, 23. 

Cotton-plant, a textile fabric, 16 ; seedB of the, 
45, 134. 

Cotyledons (Or. Jeotyle a cavity) of a plant, 58 ; of 
the seed, 134; seed-leaves, 135, 13C. 

Cow tree, milky juice of the, 30. 

Creeping stems of plants, 70. 

Croton oil, a vegetable secretign, 46. 

Crucifer ro (Lat. crux a cross, *and fe.ro to bear), 
starch secreted from £he# 39. 

Cryptogamia (Gr. kjrypto to ct&ceal, and gamia a 
marriage). Class XXIV. of Linnaeus, 172 ; its 
orders— Filicels, Lycopods, Lichenals, Fungals, 
and Algal?, 153 ct passim., 

Crystalworts, description of, 174. 

Cubical cells, 11. •- 

Cucurbitalcs (Lat. cucurbila a gourd), 188. 

Cudbear, a vegetable dye, 54. 

Cupulc, the| of inflorescence, 109. 

Curcuma leucorrhfza ( Awb. kurkum cleansing ; 
Gr. leukos wnite, and riza a root)* East Indian 
arrow-root, 35. 

Cuticle of the plant, 60 ; endogenous stems, 87. 
Cycas revoluta (Gr. kykas the Ethiopian palm, 
and Lat. revoluta wound around), the Sago 
palm, 34; hairs of the, 66. 

D 

Dandelion, laoticiferous vessels of the, 2g. 
Daphnales (Gr. daphne laurel), 190. r 


Daucus carota (Gr. daucos hot, and Fr. carotte a 
carrot), 32. 

De Candolle, the promoter of botanical classifies 
tion, 3. 

Decagynia (Gr. deka ten, and gyne a female), 
the order, 153 et passim. 

Decfidria (Gr. deka ton, and andres males). 
Class Xf of Linnrous, 152, 160 ; the order, 153 
et passim. 

Decurrent leaf, 101. 

DphiBcence of fruits, 131. 

Dcsmidiero (Gr. de&mos a hinge), varieties of 
the, 5* 

Deutzia scabra (in honour of John Deutz of Am- 
sterdam ;• and Lat. scabra rough wftli huirs), 
flinty hairs on the leaf of the, 56, 65. 

D. corymbosa (Lat. corymbus a bunch), hairs of 
fall 65. 

Diadclphia (Gr. dis double, and adelpheia bro- 
therhood), Class XVII. of Linnrous, 166. 

Diadelphous stamens, 117. 

Diandria (Gr. dis, and andres males), 118; 
Class II. of Linnrous, 152, 153; order of, 153 
e.t passim. 

Diatomacca (Gr. dia through, and temno to cut), 
silicious skeletons of the, 55. 

Diclinous Exogens, a sub-class of Llndley, 188. 

Dicotyledonous seed (Gr. dis double, and cotyle 
a cavity), 136. 

Dictyogcns (Gr. dictyon a net, and genia 
growth), Class V. of Lindlcy, 187. 

Didynamia (Or. dis double, and dynamic power). 
Class XIV. of Linnrous, 152, 162. 

Didynamous stamens, 118. 

Digynia (Gr. dis, and gyne a female), order of, 
153 ct passim. 

Dirocin (Gr. dis , and oikia habitation), , Class 
XXII. of Linnrous, 152, 171 ; its various orders, 
153, 171. # 

Dion cd a muscipula (Gr. Dionma one of the 
names of Venus, and Lat. muscipula a mouse- 
trap), sensitiveness of the, 4. 

Dipsacus fullonum (Gr. dipsakos thirsty, and 
Lat .fullo a fuller), the fuller's teasel, 65. 

Disk of the stamen, 123. 

Dissepiments of the pistil, 127, 128. 

Divi-divi, tannic acid obtained from, 50. 

Dodecagynia (Gr. dodeka twelve, and gyne a 
female), the order, 153 et passim. 

Dodecandria (Gr. dodeka, and andres males), 
118; Class XI. of Linnrous, 152, 161; the 
order, 153 et passim ; directions for ascertain- 
ing its class and order, 177. 

Dotted cells, 12. 

Dracena Draco (Gr. drakaina , female of draco 
a dragon), plapt of the, 49. 


* Misprinted Dmfimi ud Hmfli In the tilt 
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Dragon's-blood, whence produced} 49. 

Drosera, the sun-dew, 156. 

Drupa, stone-fruit, M3. 

Dryobalanops camphora (Gr. dryo a forest, and 
hallo to germinate), camphor-oil of the, 48. 

Duckweed, stamen of the, 118. 

Ducts (Lat. duco to lead), vegetable tubes, 9J. 

Dyes, vegetable, the various plants which secrete 
them, 53. 

Dyticus (Lat. dytikoa diving), the water-beetle, 
27. 

£ 

Ecliialcs (Gr. echia a viper), 191. 

Elseagnus (Gr. elaia the olive), hairs of tie, 65. 

Elementary tissues of plants, 5 et seq. 

Klliptico-l&nceolate leaf, 96. 

Elm leaf, 95. 

Elm tree, pores and spiral fibres of the, 17. t « 

Embryo of the seed, 134 ; its direction, 135. 

Eridocarp of fruit (Gr. endon within, and karpoa 
fruit), 130. 

Endogens (Gr. endon , and ginomai to grow), 
Class IV. of Lindley, 186. 

Endogenous stems, peculiar to tropical regions, 
86; their component parts, 87 ; sections show- 
ing their structure, ib. ; the cuticle, ib. ; their 
vascular structure, 88 ; the pith, 89 ; peculiar 
characteristics of, 90. 

Endosperm (Gr. endon, and sperma the seed), 135. 

Enneandria (Gr. ennea nine, and andrea males). 
Class IX. of Linnaeus, 152, 160; order of, 153 
et passim. 

Epic oil, whence obtained, 46. 

Epicarp of fruit (Gr. epi upon, and karpoa fruit), 
130. 

Epidermis of the plant (Gr. epi , and dermia the 
skin), cells of the, 6, 60 ; a layer of inspissated 
organic mucus, 60 ; the external layer of bark, 
77. 

Epigynsus exogens (Gr. epi, and gyne a female ; 
exo and ginomai to grow outwards), a sub- 
class of Lindley, 171. 

EpigynouB stamens, 117. 

EpipbleBum (Gr. epi , and phlao to break), the 
cork of the bark, 77, 78. 

Equisctum (Lat. “ horse-tail”), 144. 

E. hiemale, 56. 

Ericales (Lat. erica heath), 189. 

Euonymus Japonicus (Gr. cu good, and onoma 
a name: Lat. “ of Japan vertical section of 

its leaf, 95. 

Euphorbia balsamifera (from Euphorbua a phy- 
sician, and Lat. 4< balsam-bearing '*), milky 
juices of the, 30, 31 ; starch-cells of the, 39. 

Euphorbiales, 188. 

Exogens (Gr. exo and ginomai to grow out- 
wards), Class VII. of Lindlfcy, 188; sub- 
classes of, 188— '192* 


Exogenous stems, their various parts, 75; the 
pith, ib. ; the medullary she|th, 76 ; the 
medullary rays, 77 ; the bark, itf. ; various 
sections of, 77, 81 ; the wood, 7 if; immense 
growth of, 82 ; longevity of, 83? their cellular 
* structure, 84, 85 ; their general dbnfiguration, 
85. 

* £ • 

Fagus (Lat. “the beech tree”), 14. 

Fagus castanea, the chestnut, 26. 

Fascicle, the, ofjnflorAcence, 106, 107. 

Fat, a vegetable secretion, 4fi. # 

Fat-cells in animal#, 15. 

Ferns, 138; varieties and specimens of, 139; 
arrangements of the stem, 140 ; fronds of the, 
141 ; the different genera of, 175, 176. 

Festuca pratensis (Lat. “a field stalk”), the 
common meadow grass, 56. 

fibre cells from the le^cA of different plants, 
14, 15. • 

Fibres of plants, — elementary, 7, 8 ; woody, 19 ; 
various illustrations of, 20 et seq. ; different 
textile materials, 23.* 

Tibrilla of the root (Lat. “a little fibre”), 91, 92. 

Fibro-cellular tissue, 14, 15. 

Ficus elastica (L$. ficus a fig-tree, and elaslica 
clast jp), the India-rubber fig-tree, 29. 

F. Indica (Lat. 11 Indian “J, secretions of the, 49. 

F. religiose (Lat. “sacred”), the ffanyun-trcc, 
30, 31 ; secretions of the, 49. 

Ficoidales, 190. 

Fig-tree, milky juice of the, 31 

Filament of the stamen, 118, 119. 

Filiccs (Lat. “Ferns”), 175. 

Filicales, 186. 

Fir wood, section itid glands of the, 19 ; pores of 
the, 20. 

Fixed oils, 43. 

; Flax, consists of woody fibre} 21 ; its antiquity, 

| 22; its utility and value, 22, 23; fibre of 

illustrated, 23. 

Flax-plant, woody fibre of the, *19; American, 

22 . 

Flint, sources of, 55. 

Fiowerless plants, 138 ; ferns, ib. ; mosses, 142 ; 
lichens, 145 ; fungi, 146 ; algos, 147 ; sexual 
organs of, 148. m * 

Flowers, organs of ^production in, and their 
various terms, 105 et seq.; instructions for 
ascertaining their class and order, 176 et seq. 

Fluid, formative, of plants, 6. 

Forest trees, their vast power of resistance, 21. 

Fovilla of the stamen (Lat. Joveo to nourish), 

121 . 

Frag&ria (Lat. firagum a strawberry), 9, 10, 20. 

Frog’s foot, capillaries of the, 29. 

Fronds of the fern, 138—141. 
i Fruit, 12^ et seq. ; its various parts, 180 ; the 
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seed and the pericarp, ib. ; classification of, 131 ; 
different nuxles of dckiscence, 131 ; various 
kinds of, ¥33. 

Fucus (Or. 'phykoi sea-weeds), their structure 
and situatioif, 173. 

F. vesiculosLs (Gr. phykos , and vesiculus a 
bladder), 146. % 

Funaria hygrometrica (Lat. funis a rope, and 
Gr. “ damp-measuring ”), urns of the, 143. 
Fungi, family of, 146, 147: description of, 173. 
Fungales, 186. 4 A 

Funis of tl^p seed (Lat. “ a rope ”), 137. 

Fuscbia, pollen of the, 122. # 

Fustic, a vegetable dye, 54. 

G 

Gallic acid, whence obtained, 60. » 

Gallionclla sulcata, silicious skeleton of the, 55. 
Gamboge, whence prtfl&bed, 49. 4 

Garcinia purpurea (in honfour of Dr. Garcin, 
and Lat . 44 purple-celoured ”), 46. 

Garden* bean, seed of the, 136. , 

Garryales (in honour of Nicholas parry, of the 
Hudson’s Bay Company), 188. * 

Genera of plants, characteristics of the, 181. 
Gentianales, 191. 

Geraniales (Gr. get'anion, a geranium), 1^0. 
Ginger, stamen of the* 118. 

Glands of Woody fibre, 19 ; of plants, GO ; their 
characteristics, 70. 

Gians, the acorn, 133. 

Gleiditsia, leaf of the, 99. 

Glume, the, of grasses, 108, 109. 

Glumales, 186. 

Gomuto palm (Malabar “a palm”), wine ob- 
tained from the, 23. •* 

Gooseberry, acid juices of th^, 50. 

Gossfpium (Gr. yosst/fton'thg cotton-plant), 45. 
Gourd, seed of the* 6. 

Grains of starch in different plants, 35, 36. 

Grape Bugar, whence obtuined, 52. 

Grass, stem nnfl leaf of, 102 ; monocotylcdonous 
seed of, 135. 

Gruss oils, vegetable secretions, 47. 

Grasses, starch Becrcted from, 32 ; inflorescence 
of, 108, 109. 

Gray and* GrdGq principal colours in vege- 
tables, 53. * • 4 • 

Grew, Nehcmiah, a promoter of botanical 
science, 3. 

Gridiron tissue, 18. 

Grossales (Lat. grossus , a green fig), 192. 
Ground-nut oil, a vegetable secretion, 45. 
Guizotia oleifera (in honour of Guizot , and Lat. 

44 oil-bearing ”), seed of the, 46. 

Gum, a vegetable secretion, 48. 

Gum-Arabic, whence obtained, 48. 

Gum Senegal, whence obtained, 48. 


Gutta-percha (Malay, gutta gum, and Pereha 
the island whence obtained), produced from 
vegetable juice, 31. * 

G. Podiah, a vegetable wax, 46. 

Guttiferales, 189. w 

Gymneuralactiferum (Gr. gymnos naked, neura 
nerves ; and Lat. lactifcnim milk-bearing), 30. 

Gymnogen? (Gr. gymnos, and ginomai to grow), 
Class VI. of Lindley, 188. 

Gymnospermia (Gr. gymnos, and sperm a seed), 
the order, 153 et passim. 

G Jnandria (Gr. gync a female, and aner a male). 
Class XX. of Linnoeus, 152, 168. 

GynandrouB flower, 121. 

Gyrophora murina (Gr. gyros a circle, and 
phero to bear), 54. 

.. = 

Hoematococcus binalis (Gr. haima blood, and 
kokkos a berry; Lat. binalis double), its 
various stages of development, 16. 

Hmmatoxylon campcchianum (Gr. haima , and 
xylon wood ; Lat. campus an open field). 

Hairs of plants, 65 et seq. ; varieties of, 66, 67 ; 
circulation of the, 67; different names and 
properties of, 67. 

Hampton Court, botanical gardens of, 3. 

Hastate leaf (Lat. “spear-shaped”), 97. 

Ilazcl nut, spiral vessels of the, 26. 

Hellebore feetidus (Lat. “stinking hellebore”), 
poisonous secretions of the, 67. 

Hemlock bark, tannic acid obtained from, 50. 

Hemp consists of woody fibre, 21 ; its power of 
resistance, 22. 

Heptagyuia (Gr. hepta seven, and gyne a 
female)* the order, 153 et passim. 

Heptandria (Gr. hepta, and andres males), Class 
VII. of Linnoous, 152 f 158; the ordCY/ 153 et 
passim. 

Herbaceous plants, different parts of, 60i 

Herbs, their component parts, 74. 

Heterotropal of the seed (Gr. heteros irregular, 
and trope a turning), 135. 

Hexagynia (Gr. hex six, and gyne a female), 
the order, 153 et passim. 

Ilcxandria (Gr. hex , and andres males). Class 
VI. of Linnoeus, 152, 157; order of, 153 et 
passim. 

Hilum (Lat. the “black speck of a bean”), 136. 

Horse-tails, notices of, 1 74, 175. 

Hya-hya, milky juices of the, 30. 

Ilydrales, 187. 

Hydrocotylc vulgaris (Gr. hydor water, and 
cotyle a cavity ; Lat. “common”), leaf of the, 
95. 

Hypnum castrensis (Gr. hypnos sleep, and Lat. 
“pertaining* to the field”), 143. 

Hypocrateriform corolla (Gr. upo under, kratm 
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a cup, and L&t. forma form; Lat. corolla a 
little crown), 115. 

Hypogynous Exogens (Or. up», and gyne a 
•female, exogens growing outwards), a sub- 
class of Lindley, 189. 


Icosandria (Gr. eikosi twenty, and andres malfs), 
HR ; Class XII. of Linnffius, 152, t63 ; the 
order, 153 et passim. 

Illicium anisatum (Lat. ill id o to allure, and ani - 
sum the herb anise), 13. 

Ilpa oil, whence expressed, 46. 

Imbricated scales of the leaf-bud, 104. 

Indian corn, oil secreted from, 45. 

India-rubber, produced from vegetable juice, 31. 

India-rubber fig-tree, milk vessels of the, 29. 

Indigo, a vegetable dye, 54. 

Indigofera tinctoria (Lat. Indica Indian, fcftd 
fero t;> bear ; tinctux a dye), 54. 

Inflorescence of plants, 105 ; the various terms, 
processes, and specimens of, 105 ct seq. ; the 
different members of, 179 et seq. 

Inter-cellular spaces of plants, 12 ; importance 
of, ib. 

Involucre (Lat. involucrum a covering), the com- 
mon, 109. 

Iris (Gr. “the rainbow ”), starch grains of the, 
38 ; stomata of the, 61. 

Ivory nut, sections of its bark, and thick wall 
cells, 13. 

J 

Jasminum grandiflorum (Gr. in a violet, and 
ostnc smell ; Lat. “ superbly flowered *’), oil 
of the, 47. 

Juglans regia (Lat. Jovis glans the nut of Jove, 
and regia royal), the wall-nut, 26. 

Juncal^s^Lat. Jimcus, a rush), 187. 

Jungermannia (from Louis Jungerman) t fibres of 
the, 7 ^ fructification of the, 144 — 174. 

Jussieu, the distinguished promoter of botanical 
classification, 3. 

K 

Kcw, botanical gardens of, 3. 

Kino, tannic acid obtained from, 50. 

Kiriaghuma, milky juices of the, 30. 

Kokum butter, whence obtained, 46. 

Kutch, tannic acid obtained from, 50. 


I.ac, a renjpous secretion, 48, 49 ; various species 
of, 49. 

Lace tree, bark of the, 21, 78. 

L&cticiferous vessels (Lat. lac milk, and fero to 
bear), 28, 29 ; their great utility, 30. 

Lagetta lintcaria (the name in Jamaica; Lat. 

lintearia lint-like), the lace tree, 21, 78. 
Lamina, the blade of the leaf, 96, 


Lanceolate leaf, 96. 

Larch bark, tannic acid obtained from, 50. 

Lavandula (Lat. lavo to feash), laveif^pr oil, 47. 

Leaf-bud of plants, 103, 104. # 

Leaves, stomata of, 61 et seq. ; of endogenous 

• plants, 90; definition of the term, 92 ; venation 

of, 93 ; cellular structure of, 94 ; their forms, 
95 ct seq. ; consist of two parts — the petiole 
and the lamina, 96 ; divided into simple and 
compound, 96 ; the distinguishing features of 
plants, 179. » 

Leek, cells from 14ie flowering stems of the, 9. 

Leeuwenhoeck’s botanical investigations, 36. 

Legumcn, pulse, 133, 134. 

Lemons, oil of, 47. 

Leontodon (Gr. leontos and odous the lion’s 
toojh), the dandelion, 28. 

Liber, the vascular part of the bark of trees, 78. 

lichens, characteristics <jf, # 145 ; description of, 
174. 

LichcnalcR, 186. 

Lily, transverse structure o?its leaf, 60; stomata 
of ^the, 62 ; naked bujb of the, 71 ; stamen of 

# the, 118. • 

Liliales, 187. 

Lime .tree, ducts of the, 27 ; raphides from its 
bark, 42. * 

Limnocffhris Plumcri (Gr. limns a marsh, and 
charis dear), air-chambcVs of the, 12. 

L. Humboldtii, milk vessels t>f the, 2 9, 30. 

Lindley, Dr., his classification of fruits, 131 ; his 
natural system of plants, 184 et seq. 

Linnrous, the great- promoter of botanical sci- 
ence, 3 ; his system of classification by Classes 
and Orders, 151—172; his sexual system, 152. 
On the practical implication of his system, 176 
ct seq. * 

Linseed oil, a vegehlblj) secretion, 44, 45. 9 

Linum (Lat. “the Max plant”), woody fibre of 
the, 19. * 

Liverworts, foliaccous organs of the, 141, 145 ; 
description of, 174. # , 

Loculicidal dehiscence of fruit, 131. 

Logwood, a vegetable dye, 54. 

Lycopodium aphodium (Gr. lykos a wolf, and 
pons a foot; apo from, and odous a tooth), 
142. 

Lycopodales, 186. 

Lyrate-shapcu^ea f, 97? 


Madder, a vegetable dye, 54. 

Mallow, monodelphouB stamens of the, 117. 

Mai vales (Lat. tnalva the herb Mallows), 189. 
Mandiocca farinha, starch secreted from the, 83' 
Manure, silicious contents of, 57. 

Maple tree, the sugar-yielding, 23 ; section oi 


the, 75. 
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Marchantia (in honour of Nicholas Marchant of 
France), stomata of the, 62. 

M. polymoipna (Or. polus much, and morphc 
change), 144, 145. 

Marco Polo, hts botanical researches, 3. 

Marsilea pukcsoens (in honour of Count Mar-* 
sigli of Bologna ; Lat. pubcfcens modest), 142. 

Martin, M., his bot&nical investigations, 36, 37. 

Meadow grass, sUioious coating of, 56. 

Medullary rays (Lat. medulla marrow) of 
exogenous stems, 75, if. 

Medullary sheath ofcexogenous stems, 76. 

Melaleuca { Gr. melas blaok, and Icucos white ) , 
oil of the, 47. 

Membrane, elementary, formation of the, 6. 

Menispermales (Gr. mene the moon, and sperma 
seed, 188. ' 

Mentha peperata (from the mythological nymplj 
of that name, and Caf. “ peppered’*), pepper- 
mint oil, 47. 11 

M. viridiB (Lat. “ grefn”), spear-mint oil, 47. 

MesophVmum (Gr. meeos middle, and phlat to 
break), a division of thefbark of tj-ees, 77, 78. 

Meum fconiculatum (Gr. meion lesser, and Lat. 1 
fcemim hay), oil of the, 47. 

Milk-bearing vessels, 28, 29; thrtr great utility; 30. 

Mimosa (Gr. tnimos amimic) , the sensitive g"ant»4. 

Mimosa bark, tannic Of id obtained from, 50. 

Miniak kaw6a, the tallow tree of Java, 46. 

Monandria (Gr. monos one, and aner male), 118 ; 
Class 1. of Linnmus, 152, 153 ; the order, 153 et 
passim. 

Monocotyledonous seeds (Gr. monos , and kotyle a 
cavity), 135, 136. 

Monodelphia (Gr. monos , and adelphos a brother). 
Class XVI. of Linnmus, 152, *165 ; the order, 153 
et passim. * 

Monohelphous stamen^ ltV. _ 

Monaocia (Gr. monjs % and oikia a habitation), 
Class XXI. of Linnmus, 152, 169 ; the order, 
153 et passim. 

Monogynia (Gr.* monos, a n&gyne a female), the 
order, 153 et passim. 

Morison, Robert, a great promoter of botanical 
science, 3. 

Mosses, organs of, and varieties, 142 et seq. ; de- 
scription* of, scale mosses, 174; urn 

mosses, 175. • « • 

Mucor mucida (Gr. mykis a small fungus, Lat* 

“ slimy”)* 147. 

Mummy cloth, a texile fabric, 16. 

Muriform cells, 11. 

Musa parudisaica (Lat. “ the Muse of Paradise ”), 
the Banana tree, 11. 

Muscales (Gr. mosohos musk), 186. 

Mushrooms, ovoid cells of, 10 ; elongated cells, 
11 ; different kinds of, 11 ; family of, 146, 
147 ; description of, 173. * 


Mustard seed,*li vegetable secretion, 46. 

Myosotis (Gr. myos a mouse, and otos of the ear), 
characters of the genus afid species, 181. 

Myrodendron punctuatum (Gr. myros ointment, 
and dendron a treat; Lat. punctus pointed), 
stomata of the, 62. 

Myrgh, whence produced, 49. 

Myrtle wra, a vegetable secretion, 47. 

Myrtales, 191. 

K 

Narcissus, corona of the, 114. 

Narcissales, 187. 

Natural system of plants, 183 et seq. 

Navicufograndis (Lat. “ a small boat"), silicious 
skeleton of the, 55. «* 

Nectary, use of the term, 182. 

Nepenthes (Gr. “ removing sorrow”), pitcher of 
103 . 

Nerium oleander (Gr. neros humid, and "the 
olive tree’*), 60 ; stomata of the, 62, 63. 

Nettle, stinging, characteristics of the genus and 
spMies, 182. 

Nodes of a plant (Lat. nodus a knot), 58, 59. 

Nucleus, the growing point of the ovule, 129, 131. 

Nuphar lutea, the yellow water-lily, 11. 

Nut-galls, a vegetable dye, 54. 

Nutmeg, aril of the, 137. 

Nymph® a alba (Lat. “ the white Water- 
nymph”), 114. 

Nymphales, 189. 

0 

Oak bark, tannic acid secreted from, 50, 

Oak-galls, whence obtained, 50. 

Oat, silicious formation of the, 56. 

Ob-cordate leaf, 97. 

Obovate leaf, 97. 

Ochrea (Gr. ochros yellow), the sheath of the 
stem, 103. * * 

Octundria (Gr. octo eight, and andres males), 
Class VIII. of Linnmus, 152, 159 ; tht order, 
153 et passim. 

CEnothcra* biennis (Gr. cinos wine, and theros 
summer ; Lat. 44 twice a -year ”), pollen tubes 
in the, 122. 

Offset of plants, 73. 

Oils, vegetable secretions, 42, 43, 47 ; their long 
preservation, 42 ; their social uses, 43 ; their 
great variety, 43—46. 

Olea Europma (Lat. olea oil), olive oil, 43. 

Oleo-reBlns, 48. 

Olive oil, a vegetable secretion, 43. 

Onion, raphidcs found in the, 41. 

Ophioglossum vulgatum (Gr. ophis a serpent, 
and glossa a tongue), fructification of the, 139. 

Opium, a vegetable secretion, 50 ; its cultivation 
and uses, 51. 

• Misprinted JBnothura in the text. 
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I Opuntia vulgaris (from Opus a city of Locris, and 
i Dut. vulgaris commoci), fibre celt from the, 14. 

1 OAnge, cells of the, 9, 10. 

I Orange flowers, oil of, 47. 

Orange tree, compound leaf of the, 101. | 

Orbicular-lobcd crcnate leaf, 98. 
i Orchall, a vegetable dye, 54. % 

Orchis (Gr. orchis a plant), fibre cells from the 
loaves of the, 14, 13; gynandrous flower of I 
the, 121. 

Orchi dales, 187. 

Orders of plants of Linnscus, 133 — 172; direc- 
tions for ascertaining the, 173. See (flat-Acs. 
Organs of plants, 57 ct seq. ; of reproduction, 
103 ct scq. 

Oryza sativa (Gr. oryza rice; and Lat. saliva 
that may be sown), common rice, 30. t .» 

Orthotropal of the ovule (Gr. orthos right, and 
! trope a turning), 128, 129, 135. 

Ovary of the pistil, 123, 124 ; illustrations of the, 

12C. 

Ovule (I/at. orum an egg), the unripe seed of the 
• plant, 128 ; its various parts and names, 128, 129. 

! Oxalate of lime r aphides, crystals of, 42. 
i Oxalic acid, whence derived, 60. 

I P 

! Palcro of inflorescence, 109. 

l*alm, arrangement of woody fibre in the, S3. 
Palm forest, of endogenous growth, SG. 

Palm oil, a vegetable secretion, 44. 

Palm sugars, whence obtained, 52. 

Palm wine obtained from vegetable tissue, 23. 

Pul males, 187. 

Palmate-leaf, 98. 
j Palms, various species of, 23. 
i Palmyra pulm, wine obtained from the, 23, 24. 

| Palo de Vucca (Span, “the cow tree**), milky 
| juices ®f the, 30. 

, Pandai.us, the screw pine (Malay “ something to 
| be regarded”), emits aerial roots, 91. 

| P. ordoratissimus (Malay Pamlanus . and Lat. 

I “most odoriferous”), oil of the, 47. 

Panicle, a raceme, 1UG, 107. 

] Papuvcr (Lat. “ the poppy ”), 28. 

P. somniferum (Lat. papaver, and somnifer 
causing sleep), 45. 

i Papayalcs ( Malabar papaia the Pap aw tree) ,183. 

i, Paper, manufacture of, 6 ; materials from which 
it is manufactured, 1G. 

Papilionaceous form of corolla, 115. 

Pappus, a superior calyx, 111. 

Papyrus (Lat. “ paper”), early use of, 16. 
Parenchyma (Gr. para from, and chymos juice), 
the cellular tissue, 8 ; connexions and func- 
tions of the, 95. • 

Parmelia (Lut. parma a Bliield, and heilco to 
inclose}, section of a shield in the, 146. 


*t_ 

P. pcrlata, and P. tartare^i, vegetable dyes, 31. 
Pea, starch ccIIb of the, 35, 39. 

Peach w”ood, a vegetable dye, 54. 

Pear, tliick-walled cells from the, 13* acid juices 
•of the, 50. • 

Peduncle, the foot stalk, 105 ; of the pistil, 123, 121- 
Pentagvnia (Gr. penfti live, nwPgyuc a female), 
the order, 153 ct passim. 

Pcntandria (Gr. pente live, and anth es males), 
Class V. of Li maims, *155 ; the order, 133 ct 
passim. # 

Perfoliate leaf, 101. % 

Perianth (Gr. peri around, und anthos u flower), 
a part of inflorescence, 109, 1 10. 

Pericarp of fruit (Gr. peri, and karpos fruit), 130. 
Ferig^pnous Exogcns (Gr. peri, and gyne a fe- 
male ; exogens growing outward), a sub-class 
(f Lindley, 189, 190. 

Pcrigynous stameiis, #17. 

Perispcrm (Gr. peri, and spgf'ma tho seed), 135. 
Persian berries, a vegetable dye, 51. ■ 

Perspiration o£ plants, K. 

l^itals of the corolla, 113; stamens converted 
into, 114. 

\ Petiole the lcaf-sta||i, 96; described, 101, 102. 
Pharus ^istutus (Gr. pharos a covering; and 
Lut. “bearded”), 9G. # 

Phragmitcs (Gr. phragmos a hedge), •section of 
its stem, 90. 

Phytelephus macrocarpa (Gr. phyton a plant, 
and clephas ivory; makros long, and Karpos 
fruit), the ivory nut, 13. 

Fliytozou(Gr. phyton a plant, and zoa living), J45. 
Pirnpinctla anisum (Lat. bipinnaius twice pin- 
nate, and “anise ’ty, aniseed oil of the, 47. 
Pinnate leaves, various forms of, 99, 100. 
Finnatlful leaves (Laf. jflntttitus feathered), 97, 
Pinus pal ust rib (I ait. the inarnhy pine *’), vege- 
table secretions of the, 48. 

P. sylvestris (Lat. “the wood pine”), 84. 

P. Wcbbiana, thick-wailed cells of the, 7. 
Pipcralcs (Lat. piper pepper), 190. 

Pistil, the female part of inflorescence, 122 — 123 ; 
Greek terms applied to, and its different parts, 
123 ; the distinguishing characteristics of the 
orders of plants, 178 ct scq. • 

Pisiinfc ( Lut. “ iyiea ”),£tdl‘ch cells of the, 35, 39. 
Pitch, a tege table secretion, 49. 

Pitchers of various plants, 103. 

Pith of exogenous stems, 75, 76; uses of, 7G; of 
endogenous plants, 89. 

Pitted tissue, 17 ; its importance, 18. 

Placentae (Lut. placenta a cake) of the ovule, 
127, 128, 129; of the seed, 150. 

Plantain, starch secreted from the, 33. 

Plants, early classification of, 3 ; the correct de- 
finition < 3, 5 ; sensitiveness of, 4 ; anatomy 

or structure of, 5 ; the tissues of, 6 et seq. ; 
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the woody fibre of, 19; the lacticifcrous ves- 
sels, 2ff r accretions of, 31—50; colouring 
principles of, 53 ; organs of, 57 ; the stem, 58 ; 
the nodes,* ib. ; the cuticle, €0; the stomata, 
61; hair* of, 65; prickles, 63; scurf of, ib.'J 
the glands of, 60 ; the steps, 70 ct seq. ; divided 
into trees, shrtfbs, and herbs, 74 ; t ie pith, 76 ; 
the bark, 77 ; the wood, 79 ; immense growth 
and longevity of, 82, 83 ; cellular structure, 84 ; 
vascular structure, 8ff ; the^ith, 80 ; the roots, 
90; t^e leaves* 92—104; the inflorescence, 
105 et seq-; the stameg*, 116 et seq.; the 
pistil, 123; fruits of, 131; the seed, 13* ; 
flowerless plants, 138 ; ferns, ib. ; mosses, 143 ; 
lichens, 145 ; algae, 147 ; their classification, 
149; the Linncean system of classifying 151 — 
182 ; characteristics of, 179 ct seq. ; the natural 
order of classification. 783; Dr. JLindley's sys- 
tem of classifying, 184—192. 

Plcurencliym (Or. leuron a side, and chymos 
juice), si woody tissue, 18. « 

Pleurotiisilis (Gr. pletfron, and Jhalia bloom), 
fibre cell from its leaf, 14. 1 

P. ruscifolia (Gr. P. nnd Lat. 11 russet leaves”), 
cells in the leaf of the, 15^ 

Pliny tullow, whence produced, 46. _ 

Plumule of the pliipt (Lat. pi urn a soft down), 
58 ; of the seed, 136. 

Pollen of the stamen, 11S — 121 ; grains of the, 122. 

Pollen tubes, 121, 122. 

Polyuudriu (Gr. polys man}", nnd nnd res males), 
Cla-s XII I. of Liuumus, 152, 162; the order, 
153 et passim. 

Po’yamlrous flower of the poppy. 1 IS. 

Polydelphia (Gr. polys , nni adclphai brethren). 
Class XVIII. of LliinaCJi^, 152, 167. 

Pofydelphons stnmefis, 

Polygmnia (Grf polys , and pantos marriage), 
Class XXI II. of Linnaius, 152, 172 ; the order, 
153 ct passim. 

Polygynin (6r. polys, sfod gyne a female), the 
onle , 153 et pagsim. 

Polypodium vulgure (Gr.poZys, and podcs feet), 
the common fern, 139. 

Poly trichum commune (Gr. polys, and triches 
hairs), antltegidiuni of the, 143. 

Potnutn, the apple, 133. t e • 

Poppy, lacticifcrous vessels of the, 28; polyan- 
drous flowers of the, ! 16 ; placentas in the, 128. 

Poppy oil, a vegetable secretion, 43. 

Pores of plants, 17 ; of woody fibres, 20. 

Potato, section of ft, 5; Its vegetable secretion, 
32 ; starch cells or the, 35, 39 ; disease in the, 
40 ; in its heulthy and diseased conditions, ib. ; 
underground stem of the, 70. 

Potato plapt, spiral r nt wlt of the, 36 ; stamen of 
the, US. 

Prickles of plants, 66. 

. A ■ . 




Primine of the ovule, 128, 259, 134. 

Promelia perforata, 146. • 

Protococcus viridid (Gr. protot the first, and etto- 
cus berry; Lat. viridis green), dusters of, 5. 
Pseudo-bulbs of orchidaceous plants, 73. 

Ptcris uquilina (Gr. ptcris a fern, and Lat. aqui- | 
T ina q^gle-likej, 28. 

Ptcrocarpus Santalinus (Gr. pteros winged, and 
carpos fruit), 54. 

Pyroligneous acid (Gr. pyros fire, and Lat. Wy- 
' nUm wood), whence obtained, 50; its uses, ih. 

ft 

Quekctt, Professor, lectures of, 8. t 
Quercitron bark (Lat. quercus an oak, and , 

mm citron), a vegetable dye, 54. 

Qf arcus (Lat. “an oak*’), the various species 
whence tannic acid is obtained, 50. 

Q. infectoria ( Lat. Q. and inficio to dye), 54. 
Quernalcs, 188. 

B 

Haccme, the, of inflorescence, 106, 107. 
iladicle of a plant, 58 ; of the seed, 136. 

Ham ul ina furluracea (Gr. ramale a withered 
bough; und Lat. furfur bran), a vegetable 
dye, 54. 

Hamcutu of plants (Lat. ramenlum the scraping 
of anything), 69. 

Him ales (Lat. ranee frogs), 1S9. 

Rape oil, a vegetable secretion, 45. 

Raphe of the ovule, 129. 

Kaphides (Gr. raphis a needle), vegetable secre- 
tions of, 41 ; found in the common onion, ib. 

Hat, cartilage from the ear of a, 15. 

Hay, John, a promoter of botanical science, 3. 
Heccptaclc of flowers, 105. • < 

lied , one of the principal colours in vegetables, 53. 
lied sunders, a vegetable dye, 54. • 

Heed, section of its stem, 90. 
llcuilorm leaf (Lat. “kidney-shaped”), 96, | 

llej traduction. Bee Organs of. j 

Hcsin, a vegetable secretion, 48. \ 

llcticulated duct, 27. j 

Hhamnus infectoria (Gr. rhamnos a white thorn, 
und Lat. inficio to dye), 54. 

Hhumnales, 191. 

Hhcura, the rhubarb, 41. 

Rliizogcns (Gr. rhiza a root, and f pinometi to 
grow), Class III. of Lindley, 186. j 

Hhubarb, crystals found In the root of the, 41. 
Khuscoriaria (Lat. “rue," and coriitm leather), j 
tannic acid obtained from, 50. 1 

R. cotinus (Lat. JR. and cotinus a wild dflve), 54. 
Kicc, starch cells of, 35, 89. 

Hice paper dC the Chinese, section of the, 16, ' 
Rieinus communis (Lat. ricinus tbo name of an j 
insect resembling the flower, and recommit j 
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common), tube from the, 8; eastor oil ex* 
$ructed from the seeds, 45. 

Ringent corolla, 115. 

Roccclla fuciformis, and 11. tinctoria (Portug. 
roccha a rock), vegetable dyes, 51. 

lloots of plants, 90, 91. 

Rootstock, of plants, 73. 

Rose, specimen of a perfect one, 113. 

Rosales, 190. 

llosctangles, sea-weeds, described, 173. « 

Rosmarinus (frit, ros dew, and marinus pertain- 
ing to the sen), oil of, 17. # 

Kubia tinctoria (Lat. iiibm red, and tinctus a 
dye), 54. # 

Runner, roots and leaves of the, 72 ; a creeping 
stem, ib. 

Rush, star-shaped cells from the stem of a, 11. 

Russia leather, causes of its durability, 47. 

Uutales (Sax. ruta rue), 190. 

S 

Siiccharinum officinale (frit. Mccharum sugar, 
and ojjiehmlc. of the shops), representation of 
the, 52, 90. 

Saccolobium guttatum (Gr. sakkos a sack, and 
lobes a lnhe ; I. at. guttatum drop-spotted), 
fibre cell from its leaf, 14. 

Safflower, a vegetable dye, 54. 

Sage, stamen of the, 118 ; pollen of the, 122. 

Sago palm (Malay saga a palm), starch cells of 
the, 31, 35, 39; hairs of the, 6G ; llbrcB of the, 
134. 

Saguerus snccharifera (Javanese sttgu a palm- 
tree, ami Lat. “sugar-bearing”), w ine obtained 
from the, 23. 

Salisbury gdiantifolia (from It. TI. Salisbury ; 
Gr. adiantos dry, and Lat. folia leaves), bor- 
dered pages of the, 20. 

Salix (frit, “the willow”), 27. 

Salvia (Lat. “ sage”), pollen of the, 122. 

Sambucus nigra (Gr. samhukc. an ancient harp 
made of elder wood, and Lat. nigra bluck), 
pith of the, 75. 

Santalum alba (Persian xnnduUsnfcd the sandal- 
wood of India, and Lat. “ white ” ), oil of the, 47. 

S ipotacea (Lat. sapo soap), class of the, 31. 

Sapindalcs, 189. 

Sarcina (Lat. “ a pack”), cellsof the, 8. 

Sarcocarp offruit (Gr. sarkos of flesh, and karpos 
fruit), 130. 

Sarracena (in honour of Dr. Sarraxin of Quebec), 
pitcher plant leaf of the, 103. 

Saxifragales (Lat. saxtun a stone, and frango to 
bteok— Saxifrnpre), 190. 

Soalarlform duct (Lat. scula a ladder 4 and forma 
form), 27, 28. 

Stole mosses, their characteristics, 144 ; notices 
of, 174. * 


f Scape of the flower, 105. * 

Scarlet Pimpernel, dehiscence of the, VI. 
Scliizagonium murale (Gr. schiza # cleft, and 
• gone seed ; Lat. muralis pertainidg^o a wall), 
filament of the, 5. 

Scilla Mauri tunica (Gfc. skill a a bulb, and Lat. 

“Mauritanian”), the squill, 41. 

Scirpus llomanus (Lat. “a bull-rush ”), pollen 
or the, 122. 

Sclcrogon (Gr. sklPros hard, ^nd gennao to en- 
gender), tbe tissug so called, 7 ; edheentrie 
layers of, 11. 

Scotch fir, its nnmerous sectional rings, 84. 
Screw pine emitting aerial roots, 91, 92. 

Scurf qf plants, 63. 

j Sea -weeds, cellular structures of, 146; family 
| <4, 147 ; the focus, 173. 4c# Algse. 

j Secretions of plants, woody fibre tlie storehouse 
of the, 20 ; starch, rapliid^i, oils, fats, gums, 
acids, opium, 3ugar f silica, &c., 31—55; v «ser- 
vnirlof, 43. # 

Sc#undinc of th^ovule, 129, 134. 

Seed of (lowers, IS, 134; its various parts, ib. » 
its rqjution to tlm fruit, 135; the different 
terms applied to, 1?5. 

ScmianatrBpul of theovulc ( Lat. semi half, Gr. ana 
backwards, and trope a turfiing), 128^29, 135. . 
.Seinpcrvivum tectorum (Lat. semper vivo to live 
j for ever, and tectum a roof), the common 
« house leek, 73. 

Sensitiveness of plants, '4. 

Septa (Lat. septum a wall) or the ovule, 127. 
Septicidal dehiscence of fruit (Lat. septum, nnd 
cccdoXo cut), 131. q 

Septi frugal dehiscence §f fruit (Lat. septum, and 
frango to break), 13F. * * 

Serrate leaves (Lat. scAviia saw-yke), 97. 
ttewunum orientale (Lat. sesama sesame, and 
“ oriental ”), 46. 

Sosamum oil, a vege table secretion, 4fi. 

Sessile inflorescence, examples of, 105. 

Sessile leaves (I at. sessilis creeping), 96. . 

Sex uaj organs of floweriess plants, 148. 

Sexu nl system of Linnmus, 152- 
Shea butter, whence obtained, 46. 

Siiell-l:y?, a vegetable secretion, 4B. 

Shrubs, their con?|»onentt>art», 74. 

Si lenities, 190. 

Silica, vegetable secretions of, 55; sources of, 
55, 56.; proportion, of in various vegetable 
substances, 57. 

Siliculosa (Lat. “a small pod”), the order, 153 
et passim. 

Siliqua, a pod, 133, 134. ; 

Siliquosu (Lat. “a large pod”), the order, 155 
et passim.* 

Silk, product from the animal kingdom, 22;. its 
power of resistance, 22 ; fibre of illustrator 
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Ginapis, t^Amustard pl&nt, 40. 

Siphonia qJaBtica (Gr. siphon a siphon, and Lat* 
“ clastic ”X milky juice of the, 31. 

Solatium tuberosum (Lut. solarium the night* 
shade, and tuberosum cellular), the potato 
plant, 26, 32 ; stem of tin*, 70. 

Solanules, 191. 

Soredia of lichens, 146. 

Sori of the fern, 139. t 

Spadix, a part of inflorescence, 106. 

bpugnunf (Gr. spao to suck ^up), leaf of the moss 
bo called, G. 

Spartan lum ramosum (Gr. sparganon a fillet, 
and ramosum branching), cells from the leaf 
of the, 11. 

Spathe, the, of inflorescence, 109. 

Species of plants, cl*nftacteri&tics of the, 181. « 

Spider orchis, pseudo bultoof the, 73. 

Spike, inflorcsccncc^if the, 105, 106. 

Spiral fibres of plants, 17 ; of the scule moss, 
144, 145. . * 

Spiral vessels of plants illustrated, 25 ; uses f f 
the, 26. 

Spires of plants, G8. % , 

Sponge, representation of the, 4. 

Spongiol&ofthcrootfLat. “a little sponge”), 91. 

Sporangium of mosses (Gr. sporos seed), 144. 

Spores of Confervas (Gr. sporos), motion of the, 
4 ; of the fern, 139, 140, 141 ; of mosses, 144 ; 
of sea-weeds, 147. 

Spruce beer of Norway, obtained from vegetable 
tissue, 23. 

Squill, crystals in the bulb of the, 41. 

Stamen (Lat. 41 a filament J), an essential part 
of inflorescence, 116-422 ; various Greek 
terms applied to the, fit? 117. 

Stamens convened into petals, 124; different 
forms of the, 1 18 ; classes of Linnams arranged 
according to the, 118; the distinguishing cha- 
racteristics of the classes of plants, 176 ct seq. 

Star-anise, cells from the seed of the, 13. 

Starch, existence *of in vegetable and animal 
productions, 5; vegetable secretions of, 31 ct 
seq. ; grains of, in different plant?, 35 ct scq. 

Starch granules, theory of, 3G, 39. 

Star-shaped or stellate cells, 11^ 

Stem of a tree, section of the, 6. 

Stem of a plant, its various parts, 58 ; its general 
divisions, 73. 

Stems, herbaceous, 59, GO ; of wooded plants, and 
their varieties, 70, 73 et seq ; exogenous, 75; 
and endogenous, 86 (which sec) ;> the roots, 
leaves, dec., 90, 92 et scq. See Trees. 

Stigma of the pistil, 123. 

Stinging hairs of plants, G7. 

Stlpels of leaves, 103. 

Stipes of the fern, 140. 

Stipules of plants (Lat. stipula a straw), 103. 


Stomata of plf.nts (Gr. sterna a stomach), 61 ct 
scq. ; number found on leaves, G3 ; their natqge 
and formation, 64. 

Strawberry, primordial utricle of the, 9 ; cells 
of the, 10. 

StCi wherry leaf, spiral vessels of the, 25, 26; 
leaf dftided into three leaflets, 99. 

Strobilus, the pine apple, 133. 

Style of the pistil, 123, 124 ; of flowers, 180. 

^ubt classes of Lindley, — Diclinous, llypogynous, 
l’crigynous, and ttpigynous Kxogcns, 188 — 192. 

8uck<y: of plants, 72. 

Sugar, produced from vegetable tissue, 23, 51 ; 
its cultivation and general use, 5L ; obtained 
from the beet -root, sugar -maple, and the 
sugar-cane, 53. 

Slfk ar-canc, cells of the, 8 ; representation of the, 
52 ; horizontal section of the, 90. 

Sumach (Pcrs. sttmak rue), tannic acid ob- 
tained from, 50. 

Sutures of the stamen, 119 ; of the pistil, 127. 

Sweet-burr reed, cells from the leaf of the, 11. 

Syncarpi (Gr. syn together, and karpos fruit), 
Class III. of fruits, 132. 

Syngenesia (Gr. syn, and ginomai to grow), sta- 
mens of the, 117; Class XIX. of Linnams, 
152, 1G7. 

Synocarpus ovary (Gr. syti r and karpos fruit), 

120 . 

T 

Tallow, a vegetable secretion, 4G. 

Tannic acid, obtained from various sources, 50. 

Tannin, a vegetable secretion, 50. 

Tapioca plunt, vegetable secrclion of the, 32. 

Tar, a vegetable secretion, 49. 

Taxus J^'iata (Lat. taxus the yew, ajid baccata 
prod^V .g berries), 20. f 

Teazel, hairs of the* 65. 

^Tendrils of leaves, 102. 

Tcrcinc of the ovule, 134. 

Terra Juponica (Lat. “ earth of Japan), tannic 
acid obtained from, 50. " 

Tetradynumia (Gr. tessares four-fold, und dyna - 
mis power), Class XIV. of Linnoous, 152, 164. 

Tetradynamous stamens, 118. 

Tetrugynia (Gr. tessares , and gync a female), 
the order, 153 et passim. 

Tetrandria (Gr. tessares , and undres males). 
Class IV. of Linnams, 152, 155 ; tire order, 153 
ct passim. 

Textile materials, their respective characters 
illustrated, 23. 

Thalamus of the flower (Lat. “ a bed ”), 105. 

Thallogens (Gr. thallos an organ of vegetation), 
and ginoiyai to produce), Class I. of Lindley, 
185. 

Thcobroma cacao (Gr. theos divine, and broma 
food ; Portug. macaco monkey-face J", 46. 
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Thick -walled cell*, 12, 13. % 

Thymus (Gr. “ thyme”), oil of the, 47. 

Tilia (Lat. “ the liin#trco”), 27*42. 

tissues of plants, 5 ct seq. ; cellular, 8 ; variety 
of, 18 ct scq. ; vascular^ 25 — 27 ; unity of de- 
sign in the, 2S. 

Torula corevisim (Lat. torus a bed, and cercvisia 
ale), cells of the, 8, 10. % * 

Tons les rnois ( I*'r. “ every month ”), starch cell 
of the, 35, 36. 

Trachea* of insects (Gr. trachea the windpipe), 
similar to the spiral vessels of plants, 27* • 

Trachenchym (Gr. trachea, and cnchyma injec- 
tion), the vascular tissues, 25. • 

TradescaqjLia virginim (in honour of John Trade- 
scant , gardener to Charles I. ; and Lat. “ vir- 
gin-like"), hairs of the, 67. 

Trees, woody iibre the cause of their stably, 
21; their component parts, 74; various repre- 
sentations of, 74; sections presenting the 
different parts, 75 ; sections showing their 
annual growth, 81, 85; immense size of, 82 ; 
their great longevity, 83 ; cellular structure of, 
S4, 85 ; various sections of, ib. Hoc Stems. 

Triandria (Gr. freis three, nnd and res males), 
Class 111. ofLinnmus, 152, 154; order of, 153 
ct passim. 

Trigynia (Gr. treis, and yyne a female), order of, 
153 ct passim. 

Triticum (Lat. “wheat”), 50. 

Tuber of plants, 71. 

Turmeric, a vegetable dye, 51. 

Turnip, vegetable secretion of the, 32. 

Turnip-seed oil, ft vegetable secretion, 45. 

Turpentine, a resinous secretion, whence ob- 
tained, 48. 

u 

• « 

Ulmus (Liit. “ the elm tree”), pores and fibres 
oftlW. 17. 

Umbel (Lat. umbella a fan) of inflorescence, 107, 
108. 

Umbellales, 192. 

Umbilicaria pustulata (Lat. umbilicus the nave, 
and pustulata blistered), a vegetable dye, 54. 

Unguis of the petal (Lat. “ a claw ”), 11 1. 

Urceolus of inflorescence (Lat. “ a little water- 
pitcher ”), 109. 

Urn mosses, 143, 175. 

Urtica, the stinging nettle, 182. 

Urtiealfs, 188. 

V 

Vollisneria spiralis (from Antonio Valesncri, and 
Lat. spiralis spiral), circulation in the, 15. 

Valonia (an aeorn), tannic acid secreted from, 50. 

Vascular structure of endogenous stems, 88; its 
uses, 80. • 

Vascular tissues, 25—27. 


Vateria Indica (in honour of A bra Aim Viper* 
and Lilt. “ Indian”), Pliny tallow, 46. 

Vegetable butters, talhrfr, and waxAfi. 

Vegetable dyes, 54. 

Vegetable secretions, 31—55. 

•Venation of leaves, 93, 94. 

Venus* fij’-trap, sensitiveness of th£ 4. 

Vine, section of its st»m,7 ; twining stem of the, 72. 

Violet, placenta* of the, 128. 

Violalos, 189. 

Viscurn album (Lat. “ the misletoe berry **), 9. 

Volatile oils, rentable secretions, 47. 

• W 

Walnut, spiral vessels of the, 2C; chambered pith 
in the, 70. 

Wa^r-beellc, trachea of the, 27. 

Water-lily, stamens and petals of the, 114. 

Water-plant, milk vessofc* f f the, 29. 

Wattle-tree, tannuyicid obtained from the, 50. 

Wax, vegetable secretions of, 40. 

Wheat, starch cells of, 3^ 39 ; silicious a cuticle 
ffcm its husk, 50. % 

% White, one 4K the principal colours in vegetables, 

53. 

Whqyl of leaves surrounding the stem, 100. 

Whorls, their inffbrcsccnce, 112. 

*Wigaifflia urens (in memory of John Wiyand , a ■ 
Bishop of Lithuania ; wild Lat. “burning”), 
poisonous hair of the, 07. * 

Willow, ducts of the, 27 ; catkins of the, 105, 106. 

Wood, the various parts formed in exogenous 
stems, 79; its modes of growth, 80, 81, 85. 

Wooded stems, their varieties, 71, 73 ct scq.; 
divided into two great classes— exogenous, 75 ; 
and endogenous. 80 — which see. 

Woody fibre, or tissue, 18; two kinds of, 19; 
plain and glumhilw, JD ; various illustrations 
of, 19 ct scq. ; Ac* chief organ of circulation, 

! 20 ; gives stability to the lice, 21 ; uses of tho, • 

20, 21 ; its size, 24; of endogens, 8S. 

Wool, fibre of, illustrated, 23. 

x. 

Xyridalcs (Gr. xyros acute, like rushes), 187. 

Y 

Yeast plant, cells of the, 8, ^0* 

Yfcilow, on* of tht} principal colours in vege- 
tables, 53. 

Yellow gum, whence produced, 49. 

Yew, spiral fibres of the, 20. 

Yucca dulce (the name in St. Domingo, and Lnt. 
dulce sweet), the tapioca plant, 32. 

Y. gloriosa, stomata of the, 62. 

Z 

Zea Mays (Gr. zao to nourish, and Ind. maize)' 
Ind^n corn, 45 ; stomata of tho, 62. 
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Acalepha>\Cr. akalcphc a nettle), class of the, 
251, 252. 

Acantlioccphala (Gr. akanthes. spine, nm\krpha1c 
a head), an order of parasitic worms, 270. 

Acanthocinus speculifcr (Gr. akanthc a syinc, 
and Lat. “ mirror-bearing ”), u species of cole- 
opterous insects, 4 QCJ* * 

Acarina (Gr. akari a mite}, an order of the 
Arachnida, 317 ; thejj: organization, ib. ; divided 
into numerous families — the LiuguatulidLTgthc 
Simoncidas, the MucrobiotuUr, the Acaridm, 
the Ixiodidte, the Ilydraehnidsc* the Oriba-* 
tidee, the Ldcllidm, and the Trorabidiidro 
(which soe), 318—320. « t 

Acaridtr, a family of the Arachnida, 319. % 

Acarus domesticus, representation of the, 319. 

Acincta — forjfia of the* Vorticella (Gr. akinete 
fixed), 222. 

ASolididoe (from .T.olis), a family of gasteropodouy 
ltfollusca, 441. 

/Rolls, the genus, 442. 

Achcrontia Atropos (Gr. “ Acheron," and “ one 
of the Fates”), the Death’s-head moth, C85. 

Achetina (Lut. achcett v, grasshoppers), a family of 
orthopterous insects, 350. » 

Achct:wlomcstica (Lat. 4* tfic hearth cricket”), a 
species of orthopterous inscAs, 35(3. 

A. campestris (Lat. “the field cricket”), 357. 

AcroceridtD (Gr. akros f and licras a horn ), a family 
of dipterous injects, 37G. «. 

Actiniic (Gr. akiia u ray of the sun), their 
habits and natural •history, 211,212; section 
of one, 2*12. 

Actinia crassicornis (Gr. A. t and Lat. “ thick- 
horned"), voragjty of the, 217. 

A. lnesembryuntiiexfUim (€r. A., nn^ mcscnibifi- 
anthemum the name of a Sower), rcpvcj&nLu- 
tion oT the, 241. 

A. parasitica (Gr. A, f and Lat. “parasitic”), 
habits of the, 247. 

Actiniado) (Gr. “ sea anemones”), a family of the 
Polypes, 24G, 247 ; Eliis's account of the, ib. ; 
their extreme tenacity of life, 247, 218. 

Aculeata (Lat. aeuleus a sting or prickle), a group 
of hymenopterous insects, 388; divided into 
four tribes— the Ueterogyna, the Eossoa ; a, tlio 


Diploptera, and the Anthophila (which see), 
•39&-S97. 

Adelarthrosoraata (Gr. adclos hidden, arthros 
articulation, and soma the body), an order of 
the Arachnida, 317 ; their organization, 320 ; 
divided into three families— the Phalangidic, 
the Chelifcrid®, and the Solpugidce, 321. 1 

Aig^oridm (Lat. cpquor the sea), the family, 257. ' 

Aglossa pinguinalis (Gr. “ wanting a tongue," j 

and Lat. “ pinguid”), a species of lepidop- ; 
terous insects, 3S1. i 

Air-bugs, 351. j 

Air-tube of insects, S39. 

Alcyoniduc (Gr. alkyonhm) % the family, 23S; 
their different popular names, 238, 239. 

Alcyonium (Gr. ha/s the sea, and kuo to hatch), 
representation of the, 238. 

A. poculum (Neptune's cup), a species of Al- j 
cyonium, 239. 

Alternation of generations, theory of the, 255, 
455. 

Alucita hexadactylu (Lat. alto wings, and Gr. 
“-six-fingered"), a species of lepidoptcrous 
injects, 380. • 

Amctabola {Gr. “ wanting transformation”), a 
sub-class cf insects 343 ; their structure and 
habits, ib. ; divided into orders — the Anoplurn, 
the Mnllophaga, and the Tliysunura, 312* -314. 

Amiiiopliilu sabulosa (Gr. and Lut. “ sand-lov- 
ing'*), a species of lmnenoptcrous insect*, 391. 

Ammonitidm (from Ammon , the rain’a-homcd 
god of the Egyptians), a family of the ccpha- 
lopodous Mollusca, 451. 

Ammonites, a genus of cophalbpotlous Molluscs, 

451. 

A. nodosus (A. and nod o sits knobby), the species, 

450. * 

Amo?ba (Gr. a moil, on changing), a genus of the 
Ithizopoda, 209. 

• Air.frha diflluens (Gr. amoibns, and Lat. 
dffl urns flowing every way), u specie? of the 
class Uhizopoda, 204, 205. 

Amorphous (Gr. a and morphe wanting form), 

IDS. 

Amphidcsma (Gr. amphi about, and de*mo* a 
ligament), valves of the, 426. 

Amphipoda (Gr. trmphi, ami pod cs feet) t an order 
of Crustaceans, 304 ; tlieir structure, ib. ; in- 
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dudes two familics—tlie Hyperifto and the 
Gammaridoe, ib. # 

Vmpullaria (Lftt. ampulla a vase} , representation 
of the, 438* 

Andremdie, & family of hymenopterous insects, 
395. 

Anguillulidm (Lat. unguis a snake), eels of pas^*, 
&c., 277. • • 

Anilocerus, the wood-louse, representation of the, 
300. 

Animalcule*, of the Porifera, their voracity, 

ANIMALS, on the study of, 193, 454 ; the uni- 
versality of their existence, 194 ; tlicir primary 
divisions, 190, 203 et scq. ; their gcncruf cha- 
racteristics, 203. 

Division I. — The Protozoa, 203 ; consistin'* 
of three Classes —the Rhizopoda, 201; the 
Porifera, 20S ; and the Infusoria, 214. •• 

Division: II.— The Uadiata, 220; comprc- 
h end i rip five Classes (and tlicir various 
Orders)— the Polypi, 228 ; the Discopliorn, 
249; the Ctcnophora, 258; the Siphono- 
phora, 200; and the Kchinodermata, 261. 

Division III. — The Autictlata, containing 
numerous Sub-divisions, Classes, and 
Orders, 270 ; Classes I. to IV. Worms, 271 — 
290 ; V. Crabs, &e. t 290—31 1 ; VI. Spider*, 
315- 327 ; Vil. Myriapoda, 327—330 ; VIII. 
Insects, 330 ct scq. Sub-class I. Ameta- 
bola, 343. Sub-class XI. Hemimetabola, 
345. Sub-class Til. Metabola, 370. 

Division IV.— The AIolt.uhca, classed under 
two great Sub-divisions — the. Mollu^coidn, 
417 ; and the Alollusca Proper, 423 ; the 
first divided into two Classes — the Rryozoa, 
and the Tunicate, 417, 419 ; and the second 
divided into five Classes — the Lumelli- 
l?r;mchiata, 424 ; the Palliobranchiuta, 
433; the Pteropoda, 434 ; the Gasteropoda, 
43 1 ; and the Cephalopoda, 448. 

Division V.— The Vjshtebuata, 201, 202. 
(Sec next Volume.) j 

Annelida (“ the red-blooded worms’*); 270, 277 ; 
their organization, 278; divided into four 
orders — the Suctoria, the Scolecina, thcTubi- 
cola, and the Krrantia, 278, 279. 

Anobium striatum, the Death -watch, 40G. 

Anomia, a genus of oysters, 428. 

Anomura (Gr. anmnos irregular, and oura a tail) ; 
a sub-oyicr of decapod Crustaceans, 310; their 
organization, ib. ; various families of the, 310, 
811 . 

Anoplura (Gr. anoplos unarmed, and oura a tail), 
an order of Insccui, 343; their structure and 
habits, ib. ; different species, iu. 

Antenna) of various insects, 332. 

Am the a ccrcus {Gr. anthos a flotrer,) its vora_ 
•ity, 347. 


Anthophila (Gr. antko9 t and phttea to l<rre)^a 
tribe of hymenopterous bisects (the Bees), 895 — 
397. 9 9 

Anthophore (Gr. anthos , and phero to Ifcar), head 
jOf the, 333. • 

Anthrucidee (Gr. anthrax eoal), a family of dip- 
terous insects), 376^ 

Ant-lion, pitfall of thy, 307. 

Ants’, natural history of, 393, 394. 

White, their natural history and habits, 

302—364. # 

Aphaniptera (Gr. aphanos obscure, and ptrra 
wings), an order ofthe Insecta (Fleas), 379. 
Aphides (Gr. aphis a plant-louse), a tribe of 
the sub-order Homoptcra, 347 ; their anatomy 
and distinctive habits, 347, 348 ; honey dew of 
the, *1318 ; their singular mode of propagation. 

Aphis humuli (Gr. A. Kxfi. Lat. humulus the 
hop), 348. • 

Aphis ro*£D (Gr. A. and Lat » rosa a rose), repre- 
sentation of the, 347. * 

Aphrodilidto (fir. Aphrodite a name of Venus), 
* family of the, 284. 

Aphrodita hispidu (Or. A . and I.at. “bristly**), 
repft’sentution outlie, 284. 

Aphroplfera spumaria (Gr. aphros foam, and 
phero to bear ; Lut. “forming”), representa- 
tion of the, 349. • 

A. bif.ificiuta (Gr. A. and Lut. “ two-handed ”)^ 
a species of frog-hoppers, 349. 

Apidm (Lat. apis a bcc), the family of true hees^ 
396. 

Aplysiadop (Gr. aplt/sia, a marine animal), a 
family of gastoropodous Mollttsca, 111. 
Apodidio (Gr. apod*/ wanting feet), the family, 
300. • 

A pus Montngni, representation of the, 300.» 
Arachnida (fir. arachne a spider), a class of 
Artliropodu, 315; tlicir organization, 315, 316; 
divided into two sub-classes— tins Trachearia, 
317 ; and the l’uliniftiuriit, 321. • 

Avaneida?, a family of the Arachnida, 325. 

Aranea domcKiica, tno coiffinon house spider, 
324, 325, 320. 

Area auricula ta (Lat. area a chcBt, and auriculata 
cared), a species of lamcilillfranchiate Mol- 
ucca. 42‘J. m § * m 
Arcucea ( Lat. area), a tribe of the Molluscs, 429. 
Arccllidx* (Lat. area), the family, 206. 
Arcnico'.khc (LuL arena sand, ami colo to in- 
habit), the common lob-worms, 234. 

Arcuicola piscatorum (A. and Lat. “of fisher- 
men * ’), repr eacntation of the, 284^ 

Argov.aut (from the Gr. Argonauts ), shell of 
the, 207. 

Argonautidts, a family of ceplialopodous MoU 
lusca, ^54. 
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jflfcgonaufa Argo, a species of the Argonaut id®, 
454 . | , 

Argulido* \dixn, Gr. argoa quick), the family, 

299. t 

Arguing foKnceus ( A . and Lat. “leafy**), the 
species, J99. * 

Argynnis Paphia, a species of lepidopterous in- 
sects, 387. • * 

Argyronctn nquatica (Gr.‘ arguros silver, nnd 

aqnatica belonging to the water) , a species of 
Arachnidn, 326. • 

Armadillo pustulous (Lat. armatua armed, and 
Lut. ‘*pustuled”), representation of the, 306, 

Artemia s ilina (Artemi*, one of the names of 
Diana, and Lat. “ saline**), the species in dif- 
ferent stages of growth, 301. 

Arthropoda (Gr. or thro* a joint, and podA feet), 
a sub-division of the Articulntn, 288; thrir 
general characterises, ib. ; divided into four 
classes— the Crustacea, 4*90 ; the Arachnida, 
315 ; the Myriopgda, 327 ; and the Insectu, 
330f « 

Aancui^TA (Lat. artioulua a joint), the third 
great division of the Animal Kingdom, 19ft, 
270; composed of segments or ling*, 199; 
their nervous system, ib. « their sensefi, 199, 
200; their sanguiferous system, 3p0; the 
sexes, ib. ; their great diversity, 270; divided 
into Subdivisions, Classes, Sub-classes, and 
Orders. Classes I. to IV* Vermes, 271-290; 
Class V. Crustacea, 290-314 ; Class VI. Arach- 
nida, 315-327 ; Class VII. Myriapoda, 327-330; 
Class VIII. Insccta, 330 et scq. 

Ascaris (Lat. the “round- worm’*) 277. 

Ascidico (Gr. askidion a small leathern bottle), 
an order of Molluseoids, 424 ; divided into four 
families — the Rotryllidce,^he Clavcllinidro, the 
Asfl’ldiidm, and the Pyr&sojnntidoe, 421, 422. 

Ascidiidac, a family of Molluseoids, 421. 

Ascllidra, the family, 306. 

Asiphonata (Gr. “ without a tube*’), an order of 
bivalve Mollusca, 427 ; comprehends the oys- 
ter, the mussel, Ac., 428-430; divided into 
different tribes— tfffe Aviculacea, the Arcacea, 
the Mytilaccn, nnd the Unionncea, 429, 430. 

Aspergillum vaginiferum, tho watering-pot 
shell, 432, 43* 

Astacidce (Lat. astneus if lojwtcr), £ family o#thc 
order Decapoda, 219, 309. 

Astacus fluviulis, the cray-flsh, 009. 

Asteridoo (Gr. “ star-fish”), order of the, 267. 

Asteroida (Gr. aster a star, and cidas resem- 
blance), an order of the Polypi, 236; their 
organization, 237. Divided into four families 
— the Tubiporidse, the Alcyonidte, the Gor- 
gonidoe, und the Pennatulitfrc, 238-240. 

Astomata (Gr. a and stoma wanting a mouth), 
a class of the Infusoria, 218. 


Astrceiciro pr. Astrcca), a family of the Poly- 
pes, 246. % 

Astriea viridis (Gr. A.*and viridis green) t a 
genus of Polypes, 24G. 

Athulia ccntifolite, the black caterpillar, 389. 
Atlanta Kernudreni, a species of gastcropodous 
Molluscn, 440. 

Atolls, formation of, 243. 

Atropos pul sa tor in s (Gr. Atropos , one of the 
Fates, und Lut. pnlso to tick), a species of neu- j 
rjiptorous insects (the denth-watch), 364. I 

^tta ccphulotes, the visiting ant, 394. j 

Auriculidoe (Lat. auricula the car), a family of | 
th<*gnsteropodous Mollusca, 447. j 

Aviculacea (Lat. avicula a little hird$, a tribe of I 
the Molluscn, 429. j 


Bacteria frngilis (Gr. baktron a cane, and J*at. 
“fragile’*), 357. 

Bnlanidco (Gr. “sea-acorns**), family of the, 
297. | 

Balaninus nueum, the nnt-wccvil, 402, 403. j 

Balanus (Gr. balanus an acorn), shells of the, 
297. j 

Barnacle, representations of the, 29G, 297. ! 

Barrier reefs, formation of, 243. 

Bat-lice, 572. 

Bdcllidco (Gr. hdcllo to suck), a family of the 
Acarina, 320. j 

Bee, eyes of the, 331 ; its mouth, 333 ; its sting, 

388 ; larva? nnd pupa of the, ib. i 

Bee-parasites, 398. 

Bees, the family of, 393; their natural history 
and social economr, 396, 397. 

Beetle, Stag, representation of the, 290. 

Beetles, eyes of, 332 ; wings of, 337 ^digestive j 
apparatus of, 338 ; their organization, 390 ; ’ j 
the various tribes ipto which they are divided, , 
400 et seq. — (Sec Coleoptera). 

Belcmnitidic (Gr. beletnnon a dart), a family at . 

ccphalopodous Mollusca, 453 ; fossils of the , ib. ! 
Belcmnite, the genus, 453. , j 

Bell-animalcules, family of the, 220. j 

Beroe punctata, representation of the, 259. ! 

Bcroidtr, the family, 259. , 

Bicelluli (Lat. “double-celled”), a family of j 
hemipterous insects, 352. j 

Bilateral symmetry ( bis and latvs , two-sided), i 
198. | 

Binomial system of Zoology, 195. 

Biphora (Gr. bis twice, and phero to bear), an j 
order of Molluseoids, 422 ; their structure and 
habits, 422, 423. j 

Bird-lice, 344. j 

Bird-spiders, 325. j 

Birjsus lutro (liSat. “ the thief-crab**), a genus of j 
decapod Crustacea, 311 i 
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Bivalve Mollusk, anatomy of a, 42?. 

Bivalves, structure #f, 414, 42 427 ; boring 1 , 

• 432. 

Blnckbectle, its habits, 359, 360. 

Blaps mortisaga (Gr. blafHo to injure, and Lat. 
•‘death- warning”), the Churchyard beetle, 
405. • 

Blattina (Lat. hlatta a cockroach), a % tribe of 
orthopterous insect*, 359; natural history of 
the, 360. 

Blattu orientalis (Lat. I), and “oriental ,, ), # 33i. 

B. Americana, 359. 

B. gigffntica, 360. 

Blister-fly, the, 404. 

Bocydium globularc, and B. cruciatum, repre- 
sentations of the, 349. 

Bombi, the Humble bees, 396. 

"Bombus lapidarius (Lat. bombus a buzz), repre- 
sentation of the, 39G. 

Bomhycina (Gr. bombyx the silk-worm), a tribo 
of lepidoptcrous insects, 383 ; its great com- 
mercial importance, ib. 

Bombyliidtc (Gr. bnmbylias, a buzzing fly), a 
family of dipterous insects, 376. 

Bombyx mori, the silk-worm moth, 383. 

B. Cynthia, the Arrindy silk- worm of India, 383. 

Bopyridco, a family of Crustacea, 305. 

Boring bivalves, 132. 

Borlasia (Borlase, an English naturalist), a sep- 
cies of “ flat-worm,” 275. 

Bot-flies, 373. * 

Bothrioccphalus latus (Gr. hothrinn a little pit, 
and kephale the head ; Lat. latus broad), a 
species of Cestoid worm, 274. 

Botryllidm (Gr. botrys a bunch of grapes), a 
family of Molluscoids, 421. 

s Botryl4p*»a genus of Molluscoids, 421. 

Brachelytra (Gr. bracliys short, and elytron u 
case), g. tribe of coleopterous insects, 409. 

Brachyccra (Gr. bracliys, and keras a horn), a 
sub-order of dipterous insects, 373 ; compre- 
hends a great variety of families and sub- 
families, the CEstridce, the Muscidse, the 
Conopidro, the Brachystoma, the Notacantha, 
the Tanystoma, the Bombyliidae, the Anthra- 
cidoo, the Acioccridce, the Kmpidte, the Ilybo- 
tidse, the Asilidm, the Mydasidm, and the 
Tabanidro, 373—376. 

Brachystoma (Gr. bracliys, and stoma a mouth), 
a fumi1}4>f dipterous insects, 375 ; sub-divided 
into four subordinate groups— the Dolicho- 
pidir, the Syrphiduc*, the Thcreviduj, and the 
Lcptidee, 375. 

Brachyura (Gr. brachys , and oura a tail), a sub- 
order of the decapod Crustaceans, 312 ; divided 
into four families— the Oxystomtta, the Oxy- 
rhynclia, the Canceridrc, and the Catomctopa, 
312—314. 


Branchiate worms (Lat. bronchia! gUls), 279. 
Brunch ifera (Lat. brancTiia ?, and fert fro bear), an 
order of the Gnstcropodous Molkisca, 441 ; 
consisting of two sub-orders— «the Opistho- 
I branchiata, 441 ; and the Proqpbrunchiata, 
442. 

Branchipodidro (T.at. branchfb, and Gr. podes 
feet), family of thtr, 301. 

Branch ipus stagnalis (B. and Lat. stayvalis be- 
longing to a pool), rifresentntion of the, 301. 
Bruchus pisi (G?. bruchao £o grind with the 
teeth, and Lat. fisttm a pea), a Species of 
rhyncliophorous insects, 403. 

Bryozoa (Gr. hr yon moss, and zoon an animal), a 
class of Molluscoids, 417; their structure and 
lmlHts, 417, 418 ; divided into two orders— the 
Infundibula ta, and the Lophopoda, 418, 419. 
iftigs, 351. • • 

15 ul lid to (Lat. “bubl#e- shells”), a family of Gas- 
tcropndous Mollusca, 441# 

Burjgng beetle, representation of the, 408? 
Butterflies, a STib-order^of lcpidoptcroys insects, 

• 3S0 et seq. n the different species of, 386, 387. 
Butterfly, eyes of the, 332 ; head and trunk of 
the#378. • 

— -^wallow-tailed, transformations of the, 

340. 

the tortoise-shell, 380. 

Byrrhulre, a family of coleopterous insects, 408. 
Byssus (Lat. “fine flax”) of the Mollusca, 412, 
413 ; of the Mussel, 430. 

c 

Cabbage butterflies, 386. 

Ciecigcnia (Lat. ramus blind, and yrnitus pro- 
duced), a family oWeiniptcrous insects, 352. ] 

Culamarics, 452. _ # • • 

Calandra granaria, the corn-wscvil, 402. j 

Calcptervx virgo (Gr. halos beautiful, and pteryx \ 
a wing, Lat. “ virgin”), a species of dragon-fly, j 
367. • ! 

Calianiridco, the family, 259. 

Callichroma moschata (Gr. %alos beautiful, and 
chroma colour), representation of the, 336; a 
species of coleopterous insects, 402. 

Callidem, a genus of IIciniptcroiA insects, 352. 
Calling crabs, ^ 4. 9 * 

Calymeifb Blumenbachii, a genus of fossil Tribo- 
litcs, 301. • 

Caly^rtcidm (Gr. kalyptra a head-covering), a 
family of the gasteropodous Mollusca, 443. 

Cancer Fngurus, representation of the, 313. 
Canceridro (Lat. cancer a crab), a family of the 
decapod Crustacea, 313. 

Caprellidce (Lat. caprclla a tendrillcd branch), 
a family of Crustaceans, 304. 

Caprella Bkasma, representation of the, 303. 
Carabus (Lat. “ a lobster”), parts of the mouth 
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of the, 332 ; a genus of coleopterous insects, 
410. t l * 

Carchesiusp, the genus, 223. 

Careinus Moyias, the common small crab, 312» 

3U. t • 

Cardiacea (Gr. kardia the heart), a tribe of the 
Mollusea, 431 . • * 

Cardisoma carnifex (Gr. kardia , and soma the 
body; Lat. “ail executioner*’), habits of the, 
314. • 

Cardium Junonm (Gr. kardia) fa species of Mol- 
lusca, 431. 

O. cdulc, the cockle, 431. 

Carinaria (Eat. earina a boat), a genus of gas- 
teropodus Mollusea, 443. 

Carpenter-bee, 300. 

Carrion-eating beetles, 403. 

Cassididm (Lat. ca^is- u liclmct), a family f 
coleopterous insects (Ilchpct-beetles), 401,432. 

Cassida viridis (Lat.^C. and viridis green), repre- 
sented in its various states, 402. 

CassiduUdm (Lat. cum is » helmet), family ot the, 

200 . • • 

Castniuhr, a family of lepidopterous insects, 33G. 

Caterpillar, heal and jaws of the, 379; J^'gs of 
the, ib. ; the leaf-rolling, 3Sl. 

Caterpillars, the larva? of Icpidoplerou^inscct?;, 
379, 3S0 jjpf buttcijffios, 380. 

Catocula (Gr. Jcato below, and halos beautiful), 
a genus of lepidopterous insects, 383. 

Catometopu (Gr. kato, and nietopon the face), a 
family of the decapod Crustacea, 314. 

Cecidomyia destructor (Or. kckidos high-leap- 
ing, and my in a fly; Lnt. “destroyer’), a 
species of dipterous inscctt 377. 

0. tritiei (tl and Eat. “of grncaL*'), 377. 

Ccll, 4 fhc simplest cleipent of organic life, 193. 

Cells of the spongy, 211. * 

Centipede (Lat. centum a hundred, and pedes 
feet), its organization, 198. 

Ccphaleniyia #vis (Gr. keyhalc the head, and 
myia a fly ; Lat. otis of the sheep), a species of 
dipterous insects, 73. 

C'cphalepod, embryo of u, 449. 

Cephalopoda (Gr. kephale ahead, rind podcs feet), 
the highest qjass of Mollusea, 207, 418; their 
structure and aft atomy, ib. ; all unisexual ani- 
mals, 419 ; divided inl'Awo orffbrs— thcTctra- 
branchiata, 449; -and the Di^rancliiuta, 431. 

Ccphalopodous Mollusea, 207. 

Ccphulophora (Gr. “hcad-bcarcrs”), a o!tss of 
Mollusea, 431. 

Cephalothorax of the Arachnida (Gr. kephale the 
head, and thorax the breast), 315. 

Cercopidm, a family of homoptcrous insects, 319. 

Ccritliiidrc, a family of gustefopodous Mollusea, 
445. . 

Cerithium granulosum, the species, 4f5. 


Cermatiidce, I family of the class Myriapods, 323. 
Cestoidea (Or.^testos a girdle, and d dot resem- 
blance to), the order, 272. t 

Cestum Veneris (Lst. “ girdle of Venus*’), 259. 
Cetonia aurata, the B*wc-beetlc, 407. 

Chalcldidso (Gr. chalkizo to shine like brass), a 
fr.mily of hymenopterous insects, 392. 
Chamae&h, a tribe of the Mollusea, 430, 431. 
Cheese-hopper, the, 374. 

Chccsc-mitc, 319. 

Ghek'fer, representation of the, 321. 

C'hcliferida? (Lnt. chela a claw, and fero to bear), 
a fajnily of the Arachnida, 321. • 

Chilodon Cucullus (Gr. a lip, and odontes 

teeth ; Lat. cucullus a hood), representation of 
the, 225. 

Chilognatha (Gr. chcilos a lip, ondynathos a jaw), 
f Ai order of the class Myriupoda, 329; theia 
organization, ib. ; divided into four families — 
the Polyxenidro, the Polydesmidoe, the lulidflc, 
nnd the Glomeridcc, 329, 330. 

Chilopoda (Gr. chcilos, and podcs feet), an order 
of the class Myriapadii, 328 ; their organiza- 
tion and habits, ib. ; divided into three fami- 
lies — the Ccrmatiidae, the Scolopcndridm, and 
the Gcophilidm, ib. 

Chirouoinus plumosus (Gr. chironomeo to dance; 
Lat. ‘ 4 feathery”), a species of dipterous in- 
sects, with its la r vie and pupae, 377. 
Chirotcuthis Honcllii, a species of ccphalopodous 
f Mollusea, 452. 

Chitonidir (Gr. chiton, a coat of mail), a family of 
the gaateropodous Mollusea, 443. 

Chitons, a group of Mollusea, 415, 443. 
Chondrograd .1 (Gr. chondros cartilage, and Lat. 

pradtis a stop), orders of the, 200. 

Chrysalides (Gr. chrysos goid), a family of lepi- 
dopterous insects, 38G. * 

tlirysis ignita (Gr. xhrysos, and Lat. “on the 
ruby-tail, 392. * 

CUrysomcla populi (Gv. chrysos ; Lat. “of pop- 
lars”), a species of coleopterous insects, 401. 
Churchyard beetle, the, 405. 

Cicadae (Lnt. cicada) , family of the, 350; the 
cicada of the ancient?, 35C. 357. 

Cicadaria (Lat. cicada), a tribe of the sub-order 
ilomopteru, 319; divided into four principal 
groups — the Cicndcllinn, the Mcinbraciiui, the 
Fulgorinn, and the Stvidulantin, 319, 350. 
Cicadellina, a family of ho uoptcrousig sects, 349. 
Cicindelido. 1 (Lat. cicindela a glow-worm), a tribe 
of coleopterous insects, 410. 

Cicindela C.impestris (Lat. C and campus the 
fleld), representation of the, 410. 

CidaridCD (Lat. cidaris a tu:b;m), “sea-eggs,” 
the family, 26S. 

Circulation of insects, 339. 

Cirrhobranchiuta (Lat. cin'tis a cure, and 
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branchuv gills), a group of the gftsteropodous 
Mollusca, 442 ; cons^ting of oiy? family— the 
Jentaliidte, 442. 

Circcidtc (Gr. Circe), family of the, 256. 

Cirrhopoda (Lat. cirnts, and Gr. podcs feet), an 
order of the Crustacea, 295, 296 ; organisation 
of the, 296 ; divided into two families— tfcc 
j Lepudidie, and the Bulanidtt, 297. • 

| Clam-shells, 431. 

Classes, constituted of orders, tribes, families, j 


Collides (Gr. konos a cone), a family of the g as- 
teropodoas Mollusca, 4#C. 

Conopid® (Gr. konos and ops the face)$ a family 
of dipterous insects, 374, 375. • 

C^nops, representation of the, 337. 

Conus Hebraicus, representation of tne, 411. 

Copcpoda (Gr. hope an oar, a \\<k podcs feet), an 
order of the Crustaeea, 2L9. 

Corallium rubrum (Lat. “ red coral ”), a species 
of Polype, 239 ; interesting character of the, ib. 


genera, and species, 196. • # 

Classification of animals, system of, 194 et seq. 

Clavcllinidce (Lat. c lav u l its u little kno^), a 
family of Molluscoids, 421. 

Claw-shells, 445. 

deodora py rami data (Gr. Clcodora a nymph, 
and Lat. tl pyramid-shaped), a species of the 
ptcropodous Mollusca, 435. •• 

Clepsinidie, a family of the Annelida, 279, 2S0. 

Clio australis, a species of the ptcropodous 
Mollusca, 435. 

Cliona, a genus of sponges, 213. 

Clothcs-moths, 3S1. 

Clypcastridiu (Lat. clypeus a shield, and Gr. aster 
a star), family of the, 218. 

Coccina (Gr. kokkos cochineal), a tribe of the 
sub-order Ilomoptcra, 340 ; habits of the, ib. ; 
finest red dyes derived from the, 347; their com- 
mercial importance, ib. ; different species, ib. 

Coccinella, the lady-bird, 400, 401. 

Coccus aceris (Lat. C. and acer a maple-tree), a 
species of Coccina, 346. 

C. cacti (Lut. C- and cactus the cactus plant), a 
species of Coccina, 347. 

C. lacca (Lut. G T . and Indian lac a dye), an Indian 
species of Coccina, 347 ; its commercial im- 
portance, ib. 

CdchineuHufcct, representation of the, 346; cul- 
tivation of the, 347 (Sec Coccina). 

Cockchafer, \ho, 400. 

Cockles, 431. 

Cockroaches, head of, 332 ; organs of, 337 ; their 
habits, 359, 300. 

Cocks- comb oyster, 428. 

Cocktails, 409. 

CcDMurus cercbralis (Gr. koiuos common, and 
our a a tail ; Lat. cerebral is belonging to the 
brain), a CAslic worm, 274. 

Colcoptcra (Gr. kofeos a sheath, and ptcra wings), 
an order outlie Insect a (Beetles), 399; their 
structure, ib. ; divided into four sections- the 
Trimera, 400 ; the Teinunera, 401 ; Heteio- 
liu-ni, 494 ; and the Pen tain era, 405 et seq. 

Comatuluhr (Gr. koma the hair), “hair stars,” 
family of the, 2C5. 

Comatula, representations of the, 266. 

Comb of the hive-bee, 337. * 

Cones, 446. 


Corals, natural his Ary of, 242 seq. ; formation 
of coral reefs, 243. • 

Cordylophora lucustrfl (Gr. kordyle a club, and 
phero to hear; Lat. lacustris of the Like), a 
species of Polypes, 230. 

Coreod^a (Gr. koris a bug), a family of Hemip- 
terous insects, 352. 

Coim-motli, the, 381. 

Corn- weevil, the, 402. * 

Corymorpha nutans (Gr. koffts a helmet, and 
ntorphe change ; Lat. nutans nodding), a sptcies 
of P<B ypes, 230. * # 

Cogynidoo (Or. lthrync a club), sub-family of the, 
236. 

Corvphium longicorqp (Gr. korun a helmet, and 
Lat. ™ long-horned ’), representation of the, 
364. • 

Cossus ligniperdu (Lat. “ a* ^rood-piercing in- 
sect ,, ) l the goat-moth, 334. 

Cowries, 447. 

Crab, its organization, 19.H ; nervous system of 
the, 293 ; anatomy of the, 294, 295 ; metamor- 
phosis of the, 295. 

Crabs, their natural history, 310 ci seq.; the 
many varieties of, 31^—314. 

CvangoniiUe (Gr. k/anygn a fish of the shrimp 
kind), a family of the o*4e%Ducapoda, 309.* 

Craniidm (Gr. kranionP the skull], a family of 
Mollusca, 434. 

Crania persouata (Lat. C. and parsonn a 
mask), u species of Mol(psca, 434. * 

Cray-fish, representation of the, 21)2, 309. 

Crickets, structure of, 330, 359; the different 1 
species of, 3.50, 357. j 

Crino.dea (Gr. krinon a lily, and cidos rcftom- j 
bianco), “ sea lilies,” order the, 265 ; j 
divided into three families-# theirs stocriniiloe, 
the Kiftritfidxs iffid the fcomatulidco, 2G5, 206. f 

Crustacea (Lat. crusty a crust, or hard covering), 
a class of A rLhropoda, 290 ; t lieir organization, 
290, 291 ; senses of the, 295 ; anutomv of tiie, 
294;' metamorphosis of, 295; divided into five 
principal groups or sub-classes— the Cirilio- 
pod<i, 290 ; the BntomosLrucu, 297 ; the Xy- 
phoMira, 301 ; the Kdriophlhuluiuta, 303 ; and 
the Podophthuhnata, 306. 

Cteniz© (Gr. ‘‘ trap-door spiders”), nest of the, 
327. * 
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Ctenophosa (Gr. ctcnion a comb, and phcro to 
bear), class of the Rndiutn, 228; divided 
into two families— the Beroid©, and the Cul- 
lianiridooy 259. 

Cuckoo be^s, 396. 

Cuckoo-flies, parasitic insects, 391. 

Cuckoo-spit, a secretion of the frog-hopper. CIO. 

Culex pipiens (Lat. culex* u, gnat, and pipio to 
pip like a chicken), a .species of dipterous in- 
sects, 377. • 

Culicidto (Lat. eyfex), a fumffly of dipterous in- 
Bects*378. 

Curculio impcrialis, the Diamond beetle of 
Brazil, 403. 

Cursorial Isopoda (Lat. curso to run to and fro), 
306; include two families— the ldc^-heidre, 
and the Asellid©, ib. 

Cursorial Opthopfcefti, 354 ; divided into iflve 
tribes — the Ph asm in a, £ic I’hyUiidte, the Man- 
tina, the Blnttiga, and the Forftculina, 357— 
3<ft). + 

Cuttle-fishes, 449, 452* organs of circulation and 
respiration in the, 413. * • 

Cy a mi die (Gr. kyamos a bean), a family of Crus- 
tacea, 303. « 9 

Cvamus balmnarum (Gr: kyamos , and Lat. 
halcencB whales), representation of The, 30S. 

Cyantna fapilluta 461*. kyanos blue, and cap i l lata 
hairy), its stinging qualities, 251. 

Cyathophyllid© (Gr. cyathns a cup, aiul phyllon 
a leaf), the “ cup corals,” a fumily of the 
Polypes, 245. 

Cyclobrancliiata (Gr. knklos a circle, and Lat. 
branching ills), a group of gasteropodons Mol- 
lusca, 443; divided i^Lo two families— the 
Patellid©, and the Chifonid©, ib. 

Cyelometopa (Gr. iyltiox a circle, and metopon 
the face), a £imily of tfie Decapod Crustacea, 
313. 

Cyclopid© (Gr. Cyclops ), the family, 300. 

Cyclops, a genus of tlie^Jrustacea, 299, 300. 

Cyclostomid© (Gr. kyklos, and stoma the 
mouth), a fanRly of gasteropudous Molluscu, 
447. 

Cydippc, representation of the, 228 ; a genus of 
the Ctenophora, 259. 

Cymothoid© (tir. fymothat a sea nynmh), the 
family, 30S. * * ■ 

Cynips qucrcus folli, 390, Z%1, 

C. gallic tinctoria, 391. 

C. terminates, and C. insana, 391. 

Cynthia cardui, the painted lady. butterfly, 3S7. 

Cyprmid© (Gr. Cypria a name of Venus), a 
family of the gasteropodous Mollusca, 417. 

Cyprtca tigris, &c., the species, 446. 

Cypridm, the family, 300. 

Cypris-vidua, the genus, 300. 

Cystic worms, 273. 


Cystieercu/ cellulos© (Gr. kystis a bladder, end i 
kerkos a tai&), representation of the, 273. 
Cystocrinid© (Gr. kystos, and krinon a lilyj. a ! 

fossil family, 265. 1 

Cy therea spinosa, a species of Mollusca, 432. 1 

• D 

Dadd^long-lcgs, 377. | 

Dana is plexippa, a species of butterflies, 386. 
Daphniadco (from Daphne) t the family, 300. 

* Death-watch, the, 364, 406. j 

Decapoda (Gr. deka ten, and podcs feet), an 
orjler of Crustacea, 307 ; contains three sub- 
orders— the Mucrura, 309 ; tho Anomura, 310 ; 
and the Brachyura, 312. c* 

Decapodid©, a family of cophalopodouB Mol- 
lusca, 452. 

#, ftccticu8 verrucivorus (Lat. “ the wart-catcr”), 1 
a species of orthopterous insects, 356. t 

Deilephila Klpinor (Gr. dcile the evening, and 
philco to love), the elephant hawk-moth, 335. 
Dentaliidsc (Lat. dentes teeth), a family of the 
gasteropodous Mollusca, 442. 

DcntaUum entalis, the Elephants tusk, 412, 443. 
Dennaptcra (Gr. derma the skin, and ptera j 
wings), the order, 361. 

Dermostid© (Gr. derma , and cstliio to eat), u 
family of coleopterous insects, 403. 

Dermestcs lardarius (Gr. D. t and Lat. lardum 
the fat of bacon), a species of the Dcrmestid©, ; 
408. j 

Diamond beetle of Brazil, 403. j 

Dibrancbiuta (Gr. dis two, and Lat. branchias 
gills), an order of ccphulopodous Mollusca, ! 
431 ; divided into various families— the Dcca- 
podidoo, 452 ; the Spirulidro, the Sepiidtc, the ( 
Loligid©, 432 ; the Bclemuitid©, the Octopo- , 
did©, 453 ; and tho Argonaiitid©*4£4. *■ j 
Dichelestid© (Gr- dis, and chcilos a lip), family j 
of tho, 299. " 

Dictyoptcra (Gr. dictyon a net, and ptera wings), 
a sub-order of ncuropterous insects, 362 ; 
divided into various families— the Tcrmitid©, 
the Psocid©, the Pcrlid©, the Ephemerid©, 
and the Libcllulid©, 3G2-36G. 

Difflugia globulosa ( Lat. diffluo to spread about, j 
and globulosa globular), the genus, 206. 

Digestive canal of insects, 338. 

Dimerosomata (Gr. dimera divided into two 
parts, and somata bodies), an ( order of the 
Arnchnida, 323; their organization, 32 3; di- 
vided into three families— the Arancid©, 325 ; 
the Lycosid©, and the Mygalid©, 326. 
Dinobryidro, family of the, 219. 

Diopsis, a species of dipterous insects, 374. 
Diphyid©' (Gr. dis double, and phys form), 
family of the, 201. 

Diphyes, the genus, 261. 


1 



INDEX. 


477 



Diploptera (Or. diplos doubled, a n^ptera wings), 
a tribe of hymenoptbrous insects (the wasps), 
305. 

Diplozoon paradox um (Gr # diplnn double, ami 
soon animal), a parasitic worm, 274. 

Diptcra (Gr. dis two, and ptera wings), gn 
order of the Insect a, 371; natural history of 
the, 370 et scq. ; antenna) of the, 372 ; divided 
into three sub-orders -the Pupipara, 372 ; the 
Brachycern, 373; and the Nemoccrn, 370. 

Dipterous insect, suctorial mouth and proboscis? 
of a, 301. 

Discophora (Gr. diskos a disc, and phA'o to 
bear), a class of the lladiatn, 227, 210 ; its 
natural history and habits, 250 et scq. ; divided 
into two ordcrs—tlic GymnopUthalnuta, and 
the Stcgunophthalmuta, 255. #• 

Distomata (Gr. dis double, and stomata mouths), 
parasitic worms, 274. 

Diving Spiders, 32G. 

Divisions, Primary, of the Animal Kingdom, 
197, 203 ; I. the Protozoa, 203; II. the lia- 
diata, 226; III. the Articulate, 270 ; IV. the 
Mbllusca, 410 ; V. the Vertebrata, 201. 

Doliehopulo) (Gr. dotichos long, and podcs feet), 
a sub-family of dipterous insects, 375. 

Doridio (from Doris), a family of the guRtcropo- 
dous Mollusca, 412. 

Doris, the genus, 442. 

Dorthesia, a genus of Coecina, 347. 

Dragon-flies, eyes of, 331 ; their natural history 
and habits, 366. 

Dreissena polymorpha, a species of mussels, 430. 

Dromiidm (Gr. dromaius nimble), a family of 
decapod Crustaceans, 311. 

Drummer, the, 360. 

# Dung-flecile5, 407. 

Dynasty Hercules (Gr. dynast cs a prince) a 
beetle of Brazil, 107. 

Dyticus marginalia, a species of coleopterous 
insects, 409, 410. 

E 

Earth-worms, 242. 

Earwigs, organs of, 337 ; their natural history 
und habits, 361. 

Ecliinodermnta (Gr. ecliinos a spine, and derma 
skin), a class of the Kadiata, 228, 261, 270; 
their organization and habits, 260 et scq.; 
divided into four orders — the Crinoidca, the 
Stellerida, the Ecliinida, and the Holothurida, 
204-2G9. 

Kchinida (Gr. echmos) t an order of the Echino- 
dermata, 267 ; organization of the, 267, 268 ; 
divided into four distinct families — the 
Cidaridoe, the Clypoastridm, the Cassidulidso, 
and the Spatangidm, 268, 269. 

Echinul (Lot. “ sea-urchin' 1 ), shell of the, 263. 


Edriophthalmata (Gr. efraios fixed# and oph- 
thalmos the eye), a Rub-class of th<#9ru*tucea, 
303; divided into three orders — the# Lromodi- 
poda, the Amphipoda, and tfio Isopoda, 
• 303-305. 0 

Elatcridoe (Gr. Wafer an impeller), the family, 
40G. * • 

Elephant hawk-moth* 385. 

Elephant's tooth, 4 12. 

Elytra of the booth* (Gr. %!ytron the wing cover- 
ing), 337. • 

Enallostcgid® (Gr. cellos changeable, and stege 
covering), family of the, 207. 

Enchclina, sub-family of the, 224. 

Encrinus (Gr. en in, and krinon a lily), fossil 
fornt of the, 2G3. 

Ei^erinidie, the family, 2C5. 

Entomophaga (Gr. entomS fin insect, and phago 
to cat), parasitic infects, 391. 

Entomostcgidm (Gr. entomm divided, and siege 
coaxing), family of the, 207. • 

Entomostraca £Gr. cntoAos an insect, and ostra- 
m kon a shell), a sub-class of. the Crustacea, 295, 
297 ; divided into five orders— tho Purusitu, 
297 p the Concpogp, 299 ; the Ostraooda; 300 ; 
£nd th#Phyllopoda, ib. 

Entozoa (Gr. entos within, ^nd zoon an animal), 
on the study of the, 271. • • 

Ephemera vulgata (Gr. “ephemeral”), the 
May-ily, 342 ; representation of the, 3G5. 
Ephcmerides (Gr. ephemera ), a family of neurop- 
terous insects, 365. . 

Epeira diadem a (Gr. epeiryo to draw towards, 
and Lat. “diadem”), the garden spider, 324, 
323, 320. • 

Errantia (Lat. crrnn* wandering), the highest 
order of the bnmcmfcfous Annelida, *284 ; 
divided into five classes— the Arcnicolidsc, or 
lob-worms, the Apliroditidro, the Nereidm, the 
Eunicidce, and the Polyophthalmid®, 284-286. 
Eudendrium ramosuiil (Gr. eu \*cll, and den- 
dron a tree ; Lat. “ branching”), the species, 
205. 

Euglena viridis, 219# 

Eu^lypha, genus of the, 206. 

Eunicidm (Gr. Eunice ), a familjr Of the Annelida, 

28 » • • " 

Eunice giguntca (Gr. E. and Lat. “gigantic”) 
a species of LhO*Annclida, 235. 

Euplexoptcra (Gr. eu and vleko to fold, and 
ptera wings), the order, 361. 

Euryalidm (from Euryalc , one of the Gorgons), 
the family, 267. 

Eurybia Gandiehandii (Gr. euryhios extending 
widely), a species of the ptcropodoas Mollusca, 
435, 436. 

Evaniidce^a family of hymenoptorous insects, 
392. 
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Bye* of t%c bee, SSI ; and of different insects, | 
332. * f 

* 

Families, censtituted of different genera and 
species, \p6. f 

Field-cricket, the, 357, 

Pilar ia medincntls (Lat. }ilum a thread), the 
Guinea worn, 277. * 

Fissurellidce (Lat. fivntra a Assure), a family of 
gusteropodnu* Mollui&u, 444, 

Flat-worms, 27 J. ,8-e Platyclmia. 

Fleas, their struc ture and i^itural history, 370. 
riesh-flies. 374. 

Flics, two-winged, 371; destructive kinds -of, 
377. 

Floscularidm (Lat. Jlosculm a little flowed;, the 
family, 287. 

Fluslrce (Sca-mats),^f!ccics of Molluscoids, 4lS 
Forest-flies, 372, 373. 

Fovticulina ( Lat. forf~x a pair of shears), a tribe 
of ofthoptcrous insects, 2ff»l. t 

Forflcula (the Earwig),* representation of the. 

3C1. * w / 

Fossils of the Nummnlitcs, 208. 

Fossoria (Lat. forlio to dig), qftribo of hyiAenop- 
tevous insects, 30 1. 

Froghoppcrs, 319. 

Ful gorina $Lnt. fulgnr lightning), a tribe of the 
sub-order Uomoptcra, 350. 

Fulttora candclaria (Lat. F. and candela a can- 
dle), the species, 330. 

F. laternaria (Lat. F. and lat mi aria lantern 
bearing), representation of the species, 340. 
Fungi®, a group of corals, 2l2, 213 ; develop- 
ment of, 213. f 

Fu rigid no (Lat .fungus a mifchroom), a family of 
thcftPolypes, 240. 

r G 

Gad-flies, 376. 

Galeodcs (Lat. galea a crest), representation of 
the genus, 301. r 

Galleria, a genus of lcpidoptcrous insects, 381. * 

Gallicola (Lat. gal/a^ihc oak apple, and colo to 
inhabit), a tribe of hymenopterous insects, 390 ; 
the commercial gall of the, 391. 

Gull-Airs, 390, 391. 

Galls of the oiik-le!?f, 30ft. # 9 

Gamusidce, a family of the Acnrina, 320. 9 
Gammaridio (Ur. gammarun r a lobster), tbe, 
family, 304. 

Gummarus pulex (Gr. G. and Lat. pultx a flea) 
representation of the, 301. 

Ganglia of insects, 199. 

Garden spider, web of the, 324, 325. 

Gasterophilus equi (Gr. gnatcr tbe belly, and 
phileo to love : Lat. cquusa. liorBc), a species of 
dipterous insects, 373. f 

Gasteropoda (Gr. gaatcr the belly, and podea 

L 
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feet), a class of the Mollusca, 436 ; their struc- J 
ture and anatomy, 436, # 437 ; shells and op*r- : j 
etila of the, 43$, 439 ; arranged in two sub- ■! 
classes — the Elcterqpoda, and the Gasteropoda, 

439, 440; divided into three orders (with their 

respective sub-orders), the TIetcropoda, 439 ; 
the l^rancliifera, 441 ; and the Fulmonifcra, • 
417. | 

Gasteropoda Proper, a sub-class of the Mollusca, 

440, consists of two orders— the Branchifera, i 

• 4fl ; and the Puhnonifera, 447. j 

Gastropachn querei folia (Gr. gastcr tl^p belly, 

2 )nc?.i/s thick ; and Lat. “ ouk-leavdd”), the oak- ! 
lappet moth, 334. t 'j 

Gccurcinus (Gr. ge land, and hare inns a crab), j 
habits of the, 314. j 

Q^assimi (Gr. “land-crabs”), habits of the, 314. j 
Gemmation, reproduction by, 235 ; general re- ] 
marks on, 435. ! 

Genera, arrangement of into species, an impor- j 
taut step in zoological classification, 195. ; 

Generations, alternation of, 343, 435. 

Geocores (Gr. gc land, and koris a bug), a tribo 
of Hemipterous insects, 351. 

Gcodephaga (Gr. “ground-beetles”), a family of 
coleopterous insects, 410. 

Geometrina (Gr. gc and metron ground measur- 
ing), a tribe of nocturnal lepidoptera, 381, 332. 
Goophilidm (Gr. gr. land, and phileo to love), u 
family of the class Myriapod a, 328, 329. 

Gcopliilus clectricus [G. and Lit. “electric”); 

G. longicornis ( G . and Lat. “ long-horned*’), 
representations of the species, 329. 

Gcryonidm, the family, 25G. 

Glaucus Forsteri, a species of the gasteropodous 
Mollusca, 412. 

Giomcridcc (Lat. glomcro to roll intot. ball), &• 
family of the class Myriapodu, 330. 

Glomeris inarginata, representation, of tbe, 330. 
Glow-worm, the, 406. 

Glycerin (Gr. ghjkcroa sweet), a genus of Anne- 
lidas, 234. 

Gnats, the family of, 377. 

Goat-moth, the, SS4. 

Goat-moth, scales from the wings of the, 37$. 
Goorius olens, a predaceous beetle, 409. 

Gordiacea (Gr. “gordian ’‘jT'hair worms, 27$. 
Gorgonidm (from the Gorgons of Greek Mytho- 
• logy), the family, 239. 

Grant ia comprcssa, 214. 

Grasshopper, hinder legs of the, 335; transfor- 
mations of the, 341. 

Grasshoppers, 349, 350. 

Gregarinm (Lat. gregarius in flocks), microscopic 
' parasites, 225 ; their mode of reproduction, 22$. 
Ground beetle^ 410. 

Gryllina (Lat. grgliua a cricket), a family of 
orthopterous insects, 355. 
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Gfryllotalpa (Lat. “ the molc-cricKef”), 336. 

Gryllas viridissimus* (Lat. “ tire great green 
•Grasshopper”), transformations of the, 311, 
355, 

Gymnophthalm:;ta (Gr. % gymnos naked, ami 
ophthalmos the eye), order of the, 253 ; divided 
into six families— the Sursidm, the Geryonitfm, 
the Circcidm, the TEquoridm, Occanftlm, and 
the WiilsicJro, 256, 257. 

Gymnosomata (Gr. gymnos , nnd soma the body), 
an order of th 11 pteropodous Mollusca, 133# • 

Gyrini, the Whirligigs, 409. 

• 

H 

Haliehondfia oculata (Gr. hals the sea, and 
chondros cartilage ; Lot. ocultis an eye), a spe- 
cies of sponge, 213, 21-1. 

Ilnliotido? (Gr. hate, and of 13 the car), a fuiflSy 
of gasteropodous Mollusca, 413. 

Hal teres of injects, 337. 

Haltica nemovum (Gr. haltihos nimble, and Lot. 
“ of the woods* ), the turnip fly, 401. 

Ilalys, representation of the, 352. 

Hummer oyster, the, 129. 

Harvest spiders, 321. 

Hawk -moths, 335. 

Heads of insects, their structure, 332, 333. 

Ilectocotylus, a genus of ccphalopodous Mol- 
lusca, 449. 

Ilelianthoida {heltes and anthos a sun-flower, 
and fiidos resemblance), an order of the Po- 
lypi, 241 ; their organization, ib. ; the poly- 
pidoxn of the, 212; thrir natural history, 2-13. 
Divided into seven families— the Madropu- 
Tidir, the CyaUiophvllidir, the Astraddle, the 
Fungidro, the Zuur.thiritc, the Actiniadro, and 
the Lu^prnaridm (which see) » 215 — 219. 

*Helicidto (Or. helix a spiral line), a family of the 
gaster^podons Molluscs, 417. 

Helicostegidm (Gr. helix, and siege a covering), 
family of the, 207. 

nelmct-bectles, 401, -102. 

Helocera (Gr. he l os a knob, and her as a liorn), a 
tribe of coleopterous insects, 4Q3 ; includes two 
groups— the llistevidco, and the Byrrhidio, 
403. 

Hemerobiidw (Gr. iuupfro* a day, and bios exist- 
ence), a family of neuropterous insects, 3C8. 

Hemimckibola (Gr. hr mi half, and metabola < 
transfoUnntion), a sub-class of insects, 342, 
345 \ divided into various orders— the Ilbyn- 
ehota, the Pbysopodn, the Orthoptera, and the 
Neuroplcra, 342, 345 et seq. 

Hemipterous insects, buccal apparatus of the, 
334. 

Hermaphrodite insects, 340. 

Hermellidro, the family, 233. 

Hermit crabs, 310, 311. 


I - 

"Hessian fly, the 377. ^ 

Iletcrocera (Gr. hetcr&s various, W keros a 
horn), a sub-order of lepidopteqpus insects 
(Moths), 380; divided into various groups or 
I tribes— the Ptcrophorina, the Tineina, the 
Tortricinu, the Pyrnlidina, the ueometiina, 
the Noctuina, tbe*Bombycuftu, the Pyschidso, 
and the Sphingimq 380—385. 

Iletcrogynu (Gr. heteros , and gi/nc a female), a 
tnbe of kymenopteron.s insects (Ants), 393. 
Ilrteromera (het&os, and me^ps division), a sec- 
tion of coleopterous insects, 404 ; divided into 
two tribes— the xAchcliu, and the Atrachclia, 
401, 405. 

Heteropoda (Gr. heteros , and pot2cs feet), a sub- 
cla^ and order of gasteropodous Mollusca, 
-139 ; divided into three families— the Atlan- 
Btidm, the Pirolidae, audai^p Sagittidco, 440. 
Iletcroptera (Gr. heteros, and ptera wings), a 
KUb-ordcr of the Insect^ (“ Bugs’*), 316— -351 
ct|eq. ; form two principal groups— tlto Hy- 
drocorcs, and the Gegcores, 351. 
tlippidro, a fafhily or Crustacea, 311. 

Ilippa, representation of the genus, 311. 
Ilippjjjwseidae (71. 41ml hosko to feed), a family of 
dipterous insets,^J72. 

lfippob<9ca equina (//. and Lat. rquns a horse), 
a species of dipterous i ingots, 37 3^ 
llippopus maculatus (7F. and pous h foot ; Lut. 

“ spotted”), u species of bivalve Mollusca, 431. 
Ilinuliniiiuo (Lat. hirudo a horse-leech), a family 
of the Annelida, 280. 

llistcridED (Lat. htetrr nn actor), a family of 
coleopterous insects, 403. 

Ill ve- bee, working, Mud-leg of the, 398. 

Ilivc bees, the socn£y of, 397 ; representations 
of the queen, the drone, ^pnd the worker ib. ; j 
comb of the, 397. • # 

Ilolothiiridce (Gr. halos whole, and thura agate), 
order of the, 2C.) ; divided into two families— 
the Svnaptidu), and £hc Holothugidro, 269. 1 

Holothuria, representation of the genus, 269. 
Ilomolidtr, u family of decayed Crustaceans, 311. 
llomoptera (Gr. homos similar, and ptera wings), 
a sub-order of Ir.secta, 345, 346 et seq.; form 
three groups or tribes -the Cogcina, 346 ; the 
PJtt'tophthiria, 347 ; ansi ttor Cicaduria, 349. 
nonty-dew of ftie Aplifdes, 313. 

Hop-fly, the, 348 ^ j 

Ilorse-fly, the, 373. 

nousc-cricket, the, 356. | 

House-fly, eyes of the, 331. 

House-spider, web of the, 324, 325. 

Humble bees, 396— 397. 

Hunting spiders, 326. 

Hyalea (Gr* kyalos transparent), a genus of the 
ptcropofouB Mollusca, 435, 436. 

Hydra (Gif hydor water), representation of the. 
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231 ; tentacles of the, 232 ; its extraordinary 
powers c^fluropa Ration*, 232 — 233; its voracity, 
231 ; different familicsof the, 236. 

Hydraehnidns (Gr. hydor, and uj achnr a spider), 
a family o{ the A carina, 320. f 

Ilydrachna globulus (7/. and Lat. “ globe-like* *), 
representation the sprc*ics, 320. 

Hydradepliasa (Gr. hydnr , ifnd a 'tripling os vora- 
cious), a tribe of coleopterous insects, 409. 

Ilydrocorcs (Gr. hydor , find ko^is a bug), a tribe 
of Hemipterous insects, 331. 

Ilydroida (Gr Jn/rlnr, aud cijos resemblance), an 
order of t!u* Polypi, 229 ; its habits and natural 
liisto y, 2-9 et seq. ; their curious circulation, 
231 ; their reproductive powers, ib. 

ITydrophilus caraboidcs {II. and phileo to love), 
representation of the species, 408. 

Hydrous pice us (II. ftml Lat. picr.us pitchy), tuc 
great water beetle, 409. f 

IlyluriMis piniperda f3r. hylmirgos a carpenter, 
and Lat. “ pine-boring a species of l.yio- 
phagous insects, 403; its destructive qualities. 
404. 

Ilymenoptera (Gr. hymen a membrane, and 
ptrn wing*), an order ofAho lusccta firtocs. 
Wasps, &c.), 387 ; their structure an# habit*-, 
387 ct seq.; divided into two sub-orders— the 
Sceuriferff, 339 ; and the Pctiolata, 390. 

TTypcridro, the family, 304. 

I 

Ianthinidm (Gr. ianthinos violet-colonred), a 
family of the gasleropodmis Mollimcn, 4 1 1. 

Ieimeumonilce (Gr. ichneumon— Pharaoh 4 # rat), 
a family of hymenopteroijsf insects, 392. 

Tchm^imons, parasiti^imects, 391. 

ldotheidcc, the fumily, 30C. t 

Xnfundibulata (Lat. infundibulum a funnel), an 
order of the Ilryozon, 418. 

Infusoria (Latjg inf usus infused), a class of the* 
Protozoa, 21 1 ct seq. ; their organs of motion, 
214 ; natural history of the, 213 ; their means 
of propagation, 21G; their habits, 217; tlicir 
classification, 218 ; ilie Astomata, and the Sto- 
matoda, 218,^19. 

Inoperculatcd Pi(t*..onifera, consisting ofr fivo 
families — the llclicidtr, the ^.inuicithcf the 
O:icidiid:o, the Limnacidm, uqf. I the Auriculidcc, 
44 7. 

Inskcta, or Insects (Lat. “cut into”), nervous 
system of, 199 ; the highest class of articulated 
animals, 339 ; their general organization, 330 
ct seq. ; anatomy of the external skeleton of* 
331 ; their ej T es, 331 ; antenme,332 ; their heads 
and mouths, .132 — 334; their limbs, 335, 336; 
their wings, 336 ; digestive canal of iusocts, 338 ; 
circulation and respiration in, 339 ;* metamor- 
phosis of, 340; classification of, 342; divided 


into three? sub-classes (with their various orders) 
—the Amctafcola, 342, 3 4ft; the llcmimctabola, 
312, 345 ; aud the Mctabola, 342, 370— (to which 
the reader is refcired). 

Invcrtebra ta, generaf remarks on the, 454, 455. 

Isis hippuris (from Isis the Egyptian goddess, 
Aid (y*. “ horse- tailed ”), a species of Polypes, 
239. 

Isopoda (Gr. isos equal, and podes feet), an order 
of Crustacea, 305 ; their organization, lb. ; 

• dftided into three sections — the Cursorial, 
Natatorial, and Sedentary, 305, 306 ;^the air- 
brcHthing, 327. 

Itcli, acarus of the, 319. t * 

1 ul ida?, a family of the class Myriapoda, 330. ; 

lulus, transformations of the genus, 328 ; repre- 
sentations of the, 330. 

Ixodidtc (Gr. ixo to adhere), a family of the 
Acarina, 320. 

Ixodes plumbcus (/. and I /it. “ leaden ”), repre- 
sentation of the species, 220. 

L 

Lac-dye, produced from the Coccus lacca, 347. 
Ladv-bird, the, 100, 401. 

Lxmodipoda (Gr. l/timos the throat, and podes 
feet), an order of the Crustacea, 303; their 
organization, ib. ; divided into two families — 
the Cyamidcc, and the Caprellidm, 303, 304. 
Lagoon reefs, formation of, 213. 

Lamellibrancliiata (Lilt, lamella a tliin plate, and 
bronchia: gills), a class of the Mollusca, 424 ; 
anatomy and structure of the, 425, 426 ; divided 
into two orders — the Asiphonata, 427 ; and the 
Siphonata, 430. 

Lamcllicornia (Lat. lamella a plate, and cornu a 
horn), a tribe of coleopterous insects, 40G. * 

Lamnyris noctiluca (Lat. “lamp of night”), the 
glow-worm, 496. 

Land-bugs, 351. 

Land-crabs, 311. 

Lanthorn-llics, 350. 

Laomcdca gcniculata ( Labmedcs , and Lat. 

“ kneed ”), representation of tlic, *239. 

Larvuj of lcpidoptcrous insects, 379, 380. 
Leaf-cutting bees, 396. 

Lccanium Ilicis (Gr. leknnion a little hide, and 
ilex an evergreen oak) , a species of Coccina, 347. 
Leeches, 279; accountof, 230; thoir importance, ib a 
Legs of insects, 335, 336. 

Lcpadidro (Gr. “barnacles”), family of, 297. 
Lcpidoptcra (Gr. lepis a scale, and ptera wings), 
an order of the Insccta (butterflies, moths, 
&o.), 378 ; larvro of the, 379 ; divided into two 
great groups, or sub-orders— the Hcteroccra, 
380; and the Rhopaloccrn, 386. 

Lepismidte (Gr. lepis a scale), a family of the 
order Thysanura, 314. 
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I«pisma maohilis, 34$. 

L. laccharina (X. a^i Lat. “ sugary”), 345. 

Leptides (Gr. lepton slender), a sub-family of 
dipterous insects, 375. 

Lerneidm (Gr. the name 6f the Lemmon hydra', 
the family, 298. 

Libellulidoo (Lat. libellula a dragon-fly^ a fdtaily 
of neuropterous insects, 366. 

Limacidse (Lat. Umax a slug), a family of gas- 
teropodous Mollusea, 447. <* 

Limacina rostralis (X. and rostrum a beik)f a 
species of pteropodous Mollusea, 436. 

Limbs of insects, their formation, 335. » 

Limnadia (Gr. limno a marsh), representation of 
the, 300. 

Limneidro (Gr. limne a marsh), a family of the 
gasteropodous Mollusea, 447. 

Limneus, egg of the, 416. 

Limnoria terebrans, a species of Crustacea, 306, 

Limpets, 443. 

Limulus, the genus, 301 ; representations and 
organisation of the, 302. 

Linguatulidae (Lat. lingua a tongue), a family of 
the Arachnida, 318. ^ 

Linguatula tronioides (X. and Lat. tmnia a tape- 
worm), representation of the species, 318. 

Lingula anatina (X. and analina duck-like), a 
species of the Mollusea, 434. 

Lingulidm (Lat. lingua a tongue), a family of the 
Mollusea, 434. 

Liothcidoo, a family of the order Mallophaga, 344. 

Lithobius forcipatus (Gr. litkos a stone, und bios 
life), a genus of the class Myriapoda, 329. 

Lithodomi (Gr. lithos , and domos dwelling), a 
species of mussel, 430. 

Lituites Breynii, a species of Ammonites, 451. 

•Lizzia^tbte genus, 256. 

Lizzia octopunctata (Lat. goto eight, and punc- 
tata pointed), 255. 

Lobsters, 291, 309 ct seq. 

Lob-worms, 284. 

Locustina (Lat. locus ustus a burnt place), a 
family of orthopterous insects, 354 ; their fear- 
ful ravages, ib. ; a common article of food, 355. 

Locusta migratoria (X. and migro to wander), a 
species of ngho plgiy us insects, 350. 

L. cristata (X. and cristata crested), 355. 

Locusts, natural history of, 335, 354, 356. 

Loligidm^ family of cephalopodous Mollusea, 452. 

Loligo vulgaris, the species, 452. 

Long-Btalked crab, 314. 

Longicornia (Lat. 4 ‘long-horned’*), a tribe of 
coleopterous insects, 402. 

Loopcrs, the caterpillars so called, 382. 

Lophopoda (Gr. lophos a crest, ai^cl podes feet), 
an order of Molluscoids, 419. 

Louse, representations of the, 343; different 
specie^, ib. 
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Lucanus ccrvus, the stag beetle, 4(Jp. 

Lucernarideo (Lat. luBema a lamp}, a family of 
Polypes, 249; habits and natural history bf 
the, ib. • 

I Lucemaria auricula (X. and auricula an ear), re- 
presentation of the, 249. 

Lumbricidee (Lat.® lumbriom an earth worm), 
282 ; the family, ^b. 

Lycoenidffi, a family of lepidopterous insects, 387. 
Lycosidee (Gr. lukos) 9 %. family of the Arachnid®, 
326. • 

Lycosa tarantula £X. and Lat. 44 a spider”), a 
genus of the Arachnida, 326. 

Ly gee odea (Gr. lygos a band), a family of Hemip- 
terous insects, 352. 

Lyn*oxylon navale (Gr. lyme destruction, and 
xylon wood), a species of coleopterous insects, 

* 403. * • 

Lytta vesicatoria, &e blister-fly, 404. 

J 

M 

Macrobiatidqp (Gr. mdkros long, and bios life), a , 
* family of the Acarina, 349. 

Macrobiotus llufelandi, representation of the j 
species, 319. ! 

Vn^ruzk (Gr. makros long, and oura a tail), a J 
sub-order of Crustncqg, 309; contain four j 
families— the Crangonidio, the sAtacidse, the 
Thalossinidce, und the Palinuridse, 309. j 

Madreporidse, the 44 tree corals,” a family of the ■ 
Polypes, 245. ! 

Magpie Moth, the, 38?. 

Maia (Lat. “the spider orab”), 313; nervous 
system of the, 293. 

Maiadu) (Lat. a family of the decapod 

Crustacea, 313. > ^ ^ 

Malacobdcllidm (Ga malakos soft, and bdella a 
leech), a family of the Anndida, 280. 1 

Malacodermata (Gr. malakos soft, und derma 
skin), a sub-tribe of coleopterqjis insects, 405. 
Males grina margaritifera, the pearl oyster » 
428, 429. + 

Malleus vulgaris, the hammer oyster, 429. 
Mallophaga (Gr. mallos wool, and phago to feed 
oil), an order of the Insectn, 3^4; divided into 
two families — the Ph&qriatfidm, and the; Lio- 
tlAiO®, ib. » 

Mantina (Gr. rgantis a prophet), a tribo of 
orthopterous insects, 358 ; their singular 
habits, 359. 

Mantis religiosa (Lat. 44 the praying insect”), 

S36. 

Mantispidce (Gr. mantis ), a family of ncuroptc- 
rous insectB, 368. 

Mantle of molluscous animals, 201, 411, 415. 

Mason bqes, 396. 

May-fly, larva, pupa, and imago of the, 342 ; 
natural history of the, 365. 
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Meal-worm, ^Jhe, 405. 

Medus® (frqn*. the Msdush of mythology), family 
' of the, 295 ; stinging powers of the, 251 ; 
called “ sea-uettles,” ib. ; their mode of pro- 
pagation, 25£ ; development of, 252-255 ; ocelli f 
of the, 255. 

Medusa aurita (Jlf.+und aurha ‘'eared”), ten- 
tacles of the, 250. * 

Medusid®, a family of the Steganophthalmata, 
250. 1 

Megalops (Gr. mcgalos great, and ops eye, the 
young crab, 312. r 

Megalotrochid® (Gr. mcgalos, and trochos a 
wheel), the family of, 288. , 

Mcloe, a species of coleopterous insects, 404. 
Melolontha vulgaris, the cockchafer, 406. t 
Mclophagus ovinus (Gr. melos the limb, and ovis 
of a sheep), a species t>f dipterous insects, 37 A 
Mcmbracina (Lat. membri \a parchment), a 
tribe of the sub-ordVr Homoptcra, 349, 350. 
Mcsothorax (Gr. mesos middle, und “ thora» ”), 
of insects, 385. ' 

Metabola (Gr. “transformation”), a sub-class of 
insects, 342, 370 ; divided into various orders 
and Bub-orders — the Aphatfjptera, the«-Dip- 
tera, the Lepidoptera, the Hymeuop# ?ra, tl^p 
Coleoptera, the Btrppsiptcra &c., 342, 343, 
370 et seqf 

Metamorphosis of insects, 340, 341. 

Metathorax (Gr. meta after, and “thorax”), of 
insects, 335. 

Miliola (Lat. milium a millet-seed), a genus of 
the Polythalamia, 206, 208. 

Mimic beetles, 408. 

Mites, 318, 319. (See Acarida.) 

Modegria formosa, representation of the, 256. 
Mole-cricket, the, 357. « 

Mo 1 . 1 , use a (Lat. \nollis soft), the fourth grand 
division of the animal kingdom, 200, 410 ; 
their organization and ^ natural history, 201, 
41 1 et seq. ; structure and formation of their 
shells, 414,415'; thg*r reproductive powers, 416 ; 
arranged under two great Rub-divisions — the 
Molluscoida, 417 ; and the Mollusca Proper, 423 
(which sec). v 

Molluscoida (Lat.£f. agdGr. eidos resembltmce), 
a great sub-division <fi the <dollusea,f 417 ; 
divided into two classes — th^ Bryozoa, and the 
Tunicata, ib. 

Mollusca Proper, a great sub-division of mol- 
luscous animals, 423; distinguished as the 
Acephalous and Cephalophorous, 423, 424; 
divided into five classes— the La melli branchi- 
ate, 424 ; the Palliobranchiata, 433 ; the Pte- 
ropoda, 434 ; the Gasteropoda, 436 ; and the 
Cephalopoda, 448. f 

Mole-cricket, structure of the, 336. 4 
Monadid® (Gr. “ a monad ”), the family, 219. 


Monomeroson&ta (Gr. monos one, meres * join& 
and soma a body), an ordqp of the Araohnida, 
317. See Acarina. «, 

Monosomata (Gr. monos, and soma a body), an 
order of the Rhizopo&a, 205. 

Moths, a sub-order of lepidopterous insects, 
S8C-385. 

Mouths of insects, their structure, 332—334. 

Multivulve shells, 415. 

Murcx (Lat. “a shell-fish”), representation of 
Che* 416. 

Muricidoc, a family of gasteropodous Mollusca, 
446. „ 

Muscid® (Lat. musca a fly), a family of dip- 
terous insects, 373. * 

Musca domestic^ (Lat. the “ domestic fly ”), 378 

Missel, byssus of the, 413. 

MusrcIs, great consumption of, 430. 

Mygale (Gr. “a field-mouse”), the bird-spider* 
255 ; a genus of the Crustacea, 289 ; cepha- 
lothorax of the, 315 ; its anatomy, 316. 

Mygalid® (Gr. mygale ), a family of the Arach- 
nida, 326. 

Myriapoda (Gr. mynas a myriad, and podcs feet), 
a class of Arthropoda, 327 ; their organization, 
ib. ; form two orders— the Chilopoda, and the 
Chilognatha, 328, 329. 

Myrmeleontid® (Gr. myrmex an ant, and Icon a 
lion), a family of neuropterous insects, 367. 

Myrmeleo, the species, 367. 

Mysiduc, the family, 308. 

My sis vulgaris, representation of the species, 
308. 

Mytilacea (Gr. mytilos, from mys a muscle), a 
tribe of the Mollusca, 430. 

Mytilus edulis (Lat. “ an edible shell-fish ”), the 
j common mussel, 413, 430. 9 


Naididro (Gr. ATais a nymph), the family, 282. 

Nassulina, the sub-family, 2 25. 

Natantia (Lat. natans swimming), an order of 
the Itotifcra, 288 ; divided into two families — 
the Polytrocha, and the Zygotrocha, ib. 

Natatorial Isopoda (Lat swimmers), 
» include two families — the Cyraothoid®, and the 
Sph®romid®, 305, 306. 

Naticid®, a family of gasteropodous Mollusca, 
444. 

Nautilid® (Lat. nauta a sailor), a family of the 
cephalopodous Mollusca, 451. 

Nautilus (Lat. nauta), the genus, 207, 449, 450; 
section of the, 450. 

Necrophaga f (Gr. nekros the dead, and phago to 
eat), a tribe of coleopterous insects, 408. 

Ncmatelmia (Gr. “round worms”), a class of 
the Vermes, 271, 275 ; form thrc£ distinct 
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Orders — the A can thoceph&la, the Gordiucea, 
and Nem&toidea, 2*5. # 

Nemutoidea (Gr. noma a filament, and eidos re- 
semblance to), an order of parasitic worms, 
276. • 

Ncmatus grossularim, a species of hymcnopterous 
insects, 389. • 

Nemertidu) (Gr. “ ribbon-worms ”), an order of 
“ flat-worms,” 275. 

Nemestrina longirostris (Gr. N. and Lat. “ long- 
bcaked”), a species of dipterous infeclfe, 

376. 

NemocSra (Gr. nema t and keras a horn)#a sub- 
order of dipterous insects, 376; divided into 
two families— the Tipulidce, and the Culicidw, 

377, 378. 

Ncpina (Lat. nepa a scorpion), a famil^pf 
Hemipterous insects, 351. 

Nepa cinerea (AT. and cinerea ash-coloured), the 
species, 351. 

Nereid® (from berets a sea-nymph), the family, 
285. 

Nereis, representation of the species, 285. 

Neritidse, a family of gasteropodous Mollusca, 
441. 

Nerita polita (AT. and Lat. polita smoothed), the 
species, 444. • 

Nervous system of the star-fish, 197 ; of insects, 
199, 339; of a sepia, 200; of the Mollusca, 
201 ; of the Radiata, 227 ; of the crab, 293. 

Neuroptcra (Gr. nettra nerves, and ptcra wings), 
an order of lnsecta, 361 ; their structure, 362 ; 
divided into three sub-orders — the Dictyop- 
tera, the Planipcnnia, and the Trichoptcra, 
362-369. 

Noctiluca (Lat. noctis of the night, and lux light), 

• phosphorescence of the, 227. 

Noctuina (Lat. noctu by night), a tribe of noc- 
turnaftepidoptcra, 382. 

Nodos&ria (Lat. nodus a knot), shell of the, 

207. 

Nomadco, the cuckoo bees, 396. 

Notacuntha (Gr. notos the back, and akantha a 
spine), a family of dipterous insects, 375. 

Notonectida (Gr. nofos, and nektos swimming), a 
family of IiaxointgQms insects, 351. 

Notonecta, the genus, 7151. 

Nudibranchiata (Lat. nudus naked, and branchiw , 
gills), a^roup of gasteropodous Mollusca, 441 ; 
divided into three families — the JEolidids, the 
Tritoniid®, and the Doridm, 441, 442. 

Nummulites (Lat. nummus money) , shells of the, 

208 . 

Nut-weevil, the, 402, 403. 

NycteribiidsQ (Gr. nykteris a bat, mid bios life), a 
family of dipterous insects (bat-lice), 372. 

Nymphonid®, a family of the Arachnida, 318. 

Nymphon Grossipes, the genus, 317. 
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Oak-lappet moth, the, 384. 

Oak-leaves, galls and spangles of the, 390, 391. 

^Oceania episcopalis (Gr. okeanos tje ocean, and 
Lat. “episcopal”) representation of the, 257. 

Oceania octona, mtftgin of the, 230, 250. 

Occanidic, the family, 257. 

Ocelli (Lat. “little eyes”) of the Discophora, 
250, 251. • 

Octopodidm (Gr. octo eigh% and podcs feet), a 
family of cephalcmodous Mollusca, 253. 

Octopus Uuwaiensis, representation of the 
species, 412. 

Octopus vulgaris, a species of the Ootopodidcc, 
459. 

Ocypodidoe (Gr. okus swift, and podes feet), a 

# family of the decapod Crustacea, 314. 

Oestridso (Lat. aest&is the gad-fly), a family of 
dipterous insects, 373. • 

Ocst*us bovis ( O. a*d Lat. bos an ox), a species of 
dipterous insects, 3^1. 

^Oncidiid®, a family of the gasteropodous Mol- 
lusca, 447. 

OncMtium, the ge£us, 447. 

tyiiscid(p (Lat. oniscus a wood-louse), a family of 
the Myriupoda, 306, 327 # 

Oniscus, the genus, 305, 308. 

Onychoteuthis (Gr. onyx a claw), pen of the, 
452. 

Opulinidie (Lat. opalus opal), family of the, 219. 

Opcrculated Pulmonifera, consisting of one 
family, the Cyclostomidee, 447. 

Operculum of the Gasteropoda, 439. 

Ophiuridoc (Gr. oflhis a snuke, and oura a tail), 
family of the, 267* . m 

Ophrydium (Gr. oj&rys an eye-lash), the genus, 
223. • I 

Ophrydium versatile, representation of the, 223. 

Opisthobranchiata (£*r. opisthog behind, and 
bronchia! gills), a sub-order or gasteropodous 
Mollusca, 441 ; divided juto two groups — the 
Tcctibranchiata, and the Nudibranchiata, 441, 
412. 

Opossum Shrimps, 308. 

Orders, constituted of diffoeent tribes, families, 
gdhega, and%pecierf* 196. 

Organic life, lowest functions of, 196. 

Oribatidm (Gr. oreibates mountain-ranging), u 
family of the Aoarina, 320. 

Orthoptera (Gr. orthos straight, and ptera wings), 
an order of lnsecta, 353 ; form two great sec- 
tions — the Saltatori&l and the Cursorial, 354. 

Ostracoda (Gr. ostrakon a shell), an order of the 
Crustacea, 300 ; divided into two families — 
the Cym idffi, and the Daphniadoe, ib. 

Ostrea ecralis, the common eatable oyster, 428. 

I O. crista-galU, the cock’s-comb oyster, 428. 
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Otolitic vesi^leH (Gr, otos of the ear, and lit has a 
stone), S^jO. • 

Oxyuris (Gtk oxys sharp, and oura the tail), the 
thread worm, 227. 

Oxyrhyncha iGr. oxys, and rhynehos a snout), f 
a family of the decapod Crustacea, 313. 
Oxystoma (Gr. and stbma the mouth), a 

family of the decapod Crustacea, 312. 

Oysters, 426. 

P # 

Pagurid© (Lat. pagurus a crqj)), a family of Crus- 
tacea, 310. 

Fainted lady butterfly, 387. 

Palinuridu? (from the Trojan pilot Palinm us)> 
the family, 309, 310. 

Palinurus, the spiny lobster, 291. 

Pallialinc of bivalves?* &6. 

Palliobranchiata (Lat. pat lum a cloak, and 
branghitv gills), a Mass of the Mollusca 433 ; 
their structure and anatomy, ib. ; dividedinto 
three groups or families— the fJraniidu', the 
Terobratulid®, nn& the Lingulid®, 434. 

Panopoca australis (Gr. one of the “ Nereids”), 

■ a species of Mollusca, 432. 
j Fanorpidro, a family of neuropterous ins# cts, 363 . 

Panorpa, the Scorpioiv-fly, 368. 
j Papilionidi£ (Lat. papilio a butterfly), a family 
of lepidopterous insects, 386. 

Papilio Machaon (Lat. “ a butterfly”), trans- 
formation of the, 340. 

Paramecium, 224. j 

Parasita (Lat. “ a parasite”), an order of the 
Crustacea, 297 ; divided into three families — 
the Lcrneid®, the Dichcletftidac, and the Argu- ! 
lidoe 299. . » * 

Parasitic insects, 291 et seq^ 

Patel! id® (Lat. patella the knee-cap), a family 
of the gasteropodous Mollusca, 443. 

Pavonaria (Lpt. pavo a peacock), a genus of 
polype, 241. 

| Peacock butterfly, representation of the, 38G. 
j Pearl oysters, 428, 429, 

( Pectens, the scallop shells, 428. 

Pccten opercularis, a species of oyster, 428. 

P. Jacobums, 429. •— # , 

Pectinibranchiata, a grdiip of^gasterep^dous 
Mollusca, 443; divided intp the families— , 
Calyptrmid®, the Haliotid®, ib. ; the Ianthi- 
nid®, the Naticid®, the Turbinid®, the Neri- 
tidffi, the Turritellid®, 444 ; the Cerithiid®, 
the Strombid®, 443; tho Muricid®, the Co- 
nid®, 446 ; and the Cyproid®, 447 (which sec) . 

Pectun cuius (Lat. pectm a comb), a bivalve 
shell, 414. 

Pediculus tabescentium, 343. 

Pcdipalpi (Lat. pedes feet, and palpo to feel), an 
order of the Arachnida, 322 ; consisting of two 


families, till Scorpionid© and the Thelypbe- 
nid®, ib. * * 

Pelagia (Lat. pelagus the sea), representation pf 
the, 228. 

Pelagia cyanclla (P.*and Lat. cyanus a blue 
flower), the species, 258. 

Pelftgia noctiluca [P. and noctiluea light of the 
night), the species, 251. 

Pelagia panopyra (P. and Gr. panopyra “ all 
fire ”), representation of the, 255. 

l’tnifatulid© (Lat. penna a pen), the family, 240. 

Pennatula (Lat. “ sea-pen”), representation of 
the (venus, 240. f 

P. phosphorea (P. and Lat. “phosphoric”), 
beautiful colours of the, 240. * 

Pcntamera (Gr. pente five, and mera divisions), 

^ section of coleopterous insects, 405; divided 
into eight principal tribes — the Serricornia, 
the Sternoxia, the Lomellicornia, the llciocera, ! 
the Necrophaga, the Philhydrida, the Hydra- j 
depliaga, and the Geodephaga, 405 — 410. 

Peridinid®, the family, 219. j 

Peridinium, the genus, 219. 

Peripatus (Gr. peri about, and patao to walk), a 
genus of Annelides, 285. 

Per lid ic, a family of neuropterous insects, 364. 

Perla bicaudata (P. and Lat. “double-tailed”), 
a species of neuropterous insects, 365. 

Terophora, representation of the, 421. 

Pctiolatu (Gr. prtiolus a foot-stalk), a sub-order 
of hymcnoptcrous insects, 390; forms two 
principal groups, the Terebruntia, und the 
Aculeata, 390, 391 ct seq. 

Fhalangid© (Lat. phalangium “a spider”), a 
family of the Arachnida, 321. 

Phalangium, the genus, 321. 

Fhaamina (Gr. phasma a phantom), 9 a *«ribe of 
orthopterous insects, 357. 

Philhydrid© (Gr. phileo to love, aiid hydor 
water) , a tribe of coleopterous insects, 408. 

Philopterid® (Gr .phileo, and pceron the wing), 
a family of the order MaUophaga, 314. 

Phimothrips, representation* of the, 353. 

Pholadacoa (Gr. pholas lurking in a hole), a 
tribe of the Mollusca, 432. 

Pholades (Gr. pholas),^ f»imqy D f bivalve 
Mollusca, 415. 

Pholadomya alba (P. and Lat. “white”), a 
species of Mollusca, 425. 0 

Phosphorescence of the Radiata, 227. 

Phryganoid®, a family of neuropterous inseets, i 
369. 

Phryganea grandis, a species of neuropterous ( 
insects, 369. 

Thrynus renijormis (Gr. pkryno9 a spider, and 
Lat. “ kidney-formed ”), the species, 323. 

Phthlriasis (Gr. phtheir a louse), the disease, 

343. 


PfcyllididsD (Gr. phyllon a leaf), a ltmily of gas- 
teropodous Molluscs, 441. # 

Pbylliidce (Gr. phyllon ), a tribe of orthopterous 
insects, 358. 

Phyllium siccifolium (F. and Lat. “ dry- 
leaved ”), 358. 

Phyllophaga (Gr. phyllon , and phago to eat), a 
family of hymcnoptcroua insects, 389.°' 

Phyllopoda (Gr. phyllon , and podes feet), an 
order of the Crustacea, 300 ; divided into two 
families— the Apodidro, and the Brancftipa- 
did so, 300, 301. 

Phyllosftmida' (Gr. phyllon , and soma thc^body), 
family of the, 303. 

Physalidoo^Gr. physa a bubble), the family, 266. 

Physalia Atlantica (/*. and Lat. “ belonging to 
the Atlantic”), a species of radiated animal^ 
201 . w 

Physograda (Gr. physa), an order of radiated 
animals, 200. 

Physopoda (Gr. physa a bladder, and podes feet), 
an order of Insecta, 352 ; their structure and 
habits, 353 ; divided into two tribes— the 
Tubulifera, and the Tcrebrantia, ib. 

Phytophuga (Gr. phytos a plant, and phago to 
eat), a tribe of coleopterous insects, 401. 

Phytophthiria (Gr. phytos, and ph their a louse), 
a tribe of the sub-order llomoptcra, 347 ; 
chiefly composed of the Aphides, or plant-lice 
(which see). 

Pinna, representation of the, 412 ; byssus of the, 
413. 

Pinnotheres, a genus of decapod Crustaceans, 314. 

Piopliila casei (Gr. plus fat, and philos a lover ; 
Lat. casaus a cheese), a species of dipterous 
insects, 374. 

€*ircna*r<$resentation of the, 438. 

Piscicola (Lat. piscis a Ashland colo to inhabit), 
the geflus, 281. 

Planarida (Lat. planus flat), parasitic worms, 
274. 

Planipcnnia (Lat. planus, and penna a wing), 
a sub-order of neuropterous insects, 367 ; 
divided into various families — the Sialidoc, the 
Myrmeleontidoc, the Ilemerobiidco, the Panor- 
pidtr, the and the Mantispidaj, 

367, 368. * f. 

Plant-lice, 347. ( 

Platyelmi^|(Gr. “flat worms”), a class of the 
Vermes, 271 ; their organization and natural 
history, ib. ; divided into three orders— the 
Cestoidea, or Tape-worms, the Trematoda, and 
the Planarida, 271—275. 

PleurobranchidoD, a family of gaBteropodous Mol- 
lusca, 441. 

Plotcres (Gr. plotos sailing), a trifie of Ilemip. 
terous insects, 351. 

Plume mbths, 380. I 


Plusia, a genus of lepidopterous insects, 383. 
Podophthalmata (Gr. pides feet, aiyl ophthalmos 
an eye), a sub-class of the Crustac^., 295, 306* 
organization of the, ' 306 ; divgled into two 
orders— the Stomapoda, and the Decapods, 
306, 307. # 

Podophthalmus, th# long-stalled crab, 293, 314. 
Podosomata (Gr. pddes, and soma the body), an 
order of the Arachnids, 317 ; natural history 
of the, ib. ; form tw# families — the Fycnogo- 
nidee, and the ftymphonic^fd, 318. 

'Poduridm (Gr. podes, and oura a tail)* a family 
of the order ThyAnura, 344. 

P^dura, the genus, 344. 

Polydesmidm (Gr. polys many, and desme a 
bundle), a family of the class Myriapoda, 329. 
Polydesmus coxnplanatus (P. and Lat. “ flat- 
tened”), representation id the, 329 
Polygotitrica {Or. pgfys, and gaslvr belly), a class 
of Infusoria, 218. • 

Poljtncrosomuta (G% polys many, mera divisions, 
and soma the body), tin order of the Arachnids, 
* 322 ; includes two families — the Scorpionidce 
and the Thelyphonidiw, ib. 

Polyttmnati (Gr .Qplys many, and ommata eyes), 
ji fam))y of lepidopterous insects, 387. 
Folyophthalmidiu (Gr. polys , and ophthalmoi 
eyes), the family, 286. v • 

Polyphemus stagnorum, the species, 300. 

Polypi (Gr. polys , and podes feet), a class of the 
Kadiuta, 227 ; their natural history and habits, 
227, 228 ; divided into three orders — the Hy- 
(lroidu, 229 ; the ABtcroida, 229, 236 ; and the 
lielinnthoida, 229, 241 (which see). 

Polypidom (Gr. “#ho house of the Polypus”), 
growth of the, 230* j|J8. 

Polystomida? (Gr. j^plys, find stomata mSuths), 
parasitic worms, 274. • 

rolystomella, shell of the, 207. 

Polythalamia (Gr. polys , and thalamos a bed), 
the second order of ^he Rhizop<ftla, 205 ; their 
great profusion, ib. _ 

Folytrocha (Gr. polys, and trochoi wheels), the 
family, 288. 

Polyxenidm, a family of the class Myriapoda, 329. 
Pol^xenus lagurus, the BQegtfp, £29. 

Pontic, Jjrassie* (Gr ,9j*ontia a name of Venus, 
and brassica a cabbage), the cabbage butterfly, 
386. 

Porcellanidoe, a family of Crustacea, 311. 

Porifera (Lat .porus a pore, and fero to bear), the 
second class of the Protozoa, 208 ; natural his- 
tory of the, 208 et seq. (See Sponqks) . 

Forpita (Gr .porpe the ring of a shield), a species 
of the Siphonophora, 260. 

“ Poulpe,” the, 453. 

Prawn, r^resentation of the, 307. 

ProctotrupiddB (Gr. proktoB the anus, and trupes 
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a u ole), a family of hymenopterous insects, 
892. ♦ 

Prosobrancyiiata (Gr. proso anterior, and 
branchias gills), a subtorder of gasteropodous 
Mollusca, 442 ; divided into three groups — the 
Cirrhobranchiata, 442; the Cyclobranchiata, 
and the Pectini\$ranchiatai 443. 

Protean animalcules, their v&racity, 212. 

ProteidsB (from the mythological god Proteus) t 
the family, 205. 

Prothorax (Gr. promos the first, and “thorax”) 
of insect, 385. 

Protozoa (Gr. prota the first, and zoa life), 
the lowest division of the animal kingdom, 
196, 197 ; general characteristics of the, 203 ; 
entirely destitute of nervous and vuscula: sys- 
tems, 203 ; how propagated, ib. ; divided into 
three classes — the Bhlkopoda, 204; the Vorifera, 
208 ; and the Infusoria, 2 t ; general remarks 
on the, 454, 455. u 

Psammobia (psammos sand, pgad bios life), a g^nus 
of Mollusca, 414. ft 

Pseudotetramera (Or. pssudos false, tettares 
four, and mera divisions), a section of lepi- 
dopterous insects, 401. * ** 

Psocidao, a family of neuropterous insec' ,, 364. p 

Psychidte (Gr. psyche a butterfly), a tribe of lepi- 
doptcrous (insects, 385. 

Pterophorina (Gr. ptera wings, and phero to 
bear), a tribe of lepidoptcrous insects, 380. 

Ptcrophorus, the genus, 380. 

Pteropoda (Gr. ptera , and podes feet), a class of 
the Mollusca, 434 ; their structure, 434, 435 ; 
divided into two orders — the Gynmouomatu, 
and the Thecosomata, 435. n 

Ptychoceras (Gr. ptyrhoj double, and her as a 
horn), a genus of Ammoni.cs, 451. 

Pulicidtu (Lat. pulex a flea), parasitic insects, 
371. 

Pulex irritans (Lat. “an irritating flea”), the 
species, 370. 

P. penetrans (Lat. “ a penetrating flea”), 
371. 

Pulmonaria (Lat. pulmo a lung), a sub-class of 
the Arachnid a, 321 ; form two orders — the 
Polymcrosomata*A.rd'the Dimerosomata, 322. 

Pulmoniferu (Lat. pultno t and fero to bear), an 
order of the gasteropodous .Mollusca, divided 
into two great groups— the Opcrculated and 
the Inopcrculated, with their respective fa- 
milies, 447. 

Pulvilli of insects, 335. 

Pupipara (Lat. pupa , and pario to bring forth 
young), a sub-order of dipterous insects, 372 ; 
divided into two families— the Hippoboscidue, 
and the Nycteribiidffi, ib. 

Pycnogonidsa (Gr. pyknos thick; and gonon 
breed), a family of the Araehnida, 318. 


Pycnogonum balronarum (P. and Lat. baleen*. a 
whale), the s A ecics, 317. 

Pyralidina, a tribe of nocturnal lepidopterr., 
381. 

Pyralis vltis {F. and Lat. vitis of the vine), the 
species, 381, 382. 

P. "arinaUa (P. and Lat. farinalis belonging to 
bread-corn), the species, 381. 

Pyramids, built of a limestone composed of Num- 
mulite shells, 208. 

Pyrojhroa rubens (Gr. “ fire colour,” and Lat. 
“red”), a species of coleopterous insects, 
405. 

Pyrosomatidao (Gr. pyros fire, and soma the 
body), a family of Molluscoids, 422. 

Pyrosoma, a genus of Molluscoids, 422. 

B 

Hai>iata (Lat. “ star-like**), the second division 
of the animal kingdom, 197, 226 ; distinguished 
by their radiate forms, 220 ; nervous system 
of the, 227 ; divided into live classes— the 
Polypi, 228 ; the Discophora, 249 ; the Cteno- 
phora, 258 ; the Siphonophorti, 260 ; and the 
Lchinodcrinatu, 261 ; general remarks on the, 
454, 455. 

Kaniiiidm (Lat. rana a frog), a family of decapod 
Crustacea, 311. 

Kaphidiidin (Gr. r aphis a needle), a family of 
neuropterous insects, 368. 

Razor-shell, 432. 

Red-admiral butterfly, 387. 

lieduvina, a tribe of Hemipterous insects, 351. 

Remipes testudiftarius (Lat. remus an oar, pes 
the foot, and testudo a tortoise), representation 
of the spccicH, 311. 

Respiration of insects, 339. 

Rhizopoda (Gr. rhiza a root, and podes feet), a 
class of the Protozoa, 204 ; characteristics and 
habits of the, 205 ; divided into two orders — 
the Monosomatia, and the Polythalamia, 205, 
206. 

Rhizostomidoo (Gr. rhiza a root, and stoma the 
mouth), the family, 258. 

Rhizostoma Cuvicri, thei^a.'JUV 3 ^ 7 , 258. 

Raopalocera (Gr. rhopalon a club, and koras a 
horn), a sub-order of lepidopterouB insects (the 
Butterflies), 386 ; their habits, 386, 387. 

Rhynchophora (Gr. rhynchos a snout, and phero 
to bear), a tribe of tetramerous beetles, 402. 

Bhynchota (Gr. rhynchos ), an order of Insectu, 
345 ; their suctorial mouths, 334 ; their 
structure, ib. ; divided into two sub-orders 
—the Homoptera, and the Heteroptera, 345, 
346. 

Rhynphites Bacchus, a species of coleopterous 
insects, 403. 
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RiBfeon-worms, 275.* 

Riparia (Lat. ripa a Mink), a fanftly of Hemip. 
teroue insects, 351. 

Ripiphorus paradoxus (Gr. ripos a hurdle, and 
phero to bear ; Lat. “ pafadoxical ”), a species 
of coleopterous insects, 405. 

Rocks of the ocean formed by the coral zo^phy&s, 
244, 245. 

Rose-chafer, the, 407. 

Rotifera (Lat. rota a wheel, and fero to bear), 
“ Wheel animalcules,*' a class of Articuftitjf, 
27), 286; their structure and curious habits, 
287 ; consist of two orders— the Sessilia, and 
the Natairtia, 287. 

Hound worms, 271, 275, 277. (See Nematelmia). 

Ruby-toil, the, 302. 


S 

SabellidflR (Lat. sahulum coarse sand), family of 
the Tubicolidre, 283. 

Sacred beetle of the Egyptians, 407. 

Sagitta (Lat. “ an arrow ”), a genus of Mol- 
lusca, 255, 440. 

Sailors, beetles so called, 405. 

Salpte (Lat. snip a a stockfish), a genus of Mol_ 
luscoids, their structure and habits, 420, 423; 
con sist of two zooids, 456. 

Sal tutorial Orthoptera (Lat. salto to jump), 354. 

Salticus scenicus (Lat. salto, and soenicus a 
player, 326. 

Sand-flies, 377. 

Sanguisuga officinalis (Lat. “ the blood-sucker of 
the shops ”), 279. ^ 

Sarcode cells (Gr. sarkos flesh) of Rponges, 209. 

ftarcopffiigft carnaria (Gr. sarkos flesh, and 
phago to eat ; Lat. earnis of flesh), a species of 
dipterous insects, 374. 

Sarcoptcs scabici, representation of the species, 
319. 

Sarsidro, the family, 256. 

Sarsia, development of, 253, 254. 

S. tubulosa, the species, 255. 

Suturnia Prometheus, a North Amorican species 
of moth, 384o*»- 

Saw-flies, 389. £ 

Scallop-shells, 428. 

Seal aria, a^penus of gastcropodous Mollusca, 438. 

Scarabneus JEgyptiorum (Lat. “the Egyptian 
beetle ”), 407. 

Scarlet mite, 320. 

Scolccina (Gr. skolex a worm), an order of the 
Annelida, 281 ; divided into two families — the 
Lumbricidac, and the Naididae, 2^2. 

Scoloper.Urida 1 ! (Gr. “Myriapod”), a family of 
the Myriapods, 328. s 

Scorpion* effects of its sting, 322. k 


Scorpion flies, their natural history tad habits, 
368. • 

Scorpion shells* 445. 

Scorpionidm (Lat. “ scorpions ”),• a family of 
A the Arachnida, tt2 ; their organization, 322, 
823. 

Scutata (Lat. scuta & shield), •family of Hemip- 
terous insects, 352 # ; include a great number of 
species, ib. 

Sea mantis, 308, 

^tea-mats, 418. 

Sea-spiders, 313. ^ 

Securifera, a sub-order of Hymenopterous in- 
fects, 389. 

Scpiidro (Lat. sepia the cuttle-flsh), a family of 
cepAalopodous Mollusca, 452. 

Sgpia, the genus, nervously stem of the, 200 ; its 
organs* of circulation aftd respiration, 413 ; 
blQcU^blour of thdf 449. 

S. Hicredda, the species, 4J t. 

S. officinalis, 452. ^ 

^erpulro (Lat^ serpo to creep), family of the 
Tubicolar Annelida, 283. * 

Snrricornia (Lat. serra a saw, and oomu a horn), 
a tftbc of coleopterous indWts, 405. 

Sc^tularUleo (Lat. sertum a wreath), a family of 
Polypes, 234, 235. 

Sertularia filicula (Lat. sertum , Ad filix a 
fern), the species, 234. 

S. pinnata (Lat. sertum, and pinnata feathered), 
representation of the, 235. 

Sesia tipuliformis (Gr. serin a moth, a species of 
lepidopterous insects, 387, 388. 

Sessilia (Lat. sessilis sitting), an order of the 
Rotifera, 287 ; dialed into two families — the 
Floscularidm, and the JUegalotrochida^ 287, 
288. • 

Setifera (Lat. setw bristles, and fero to bear), 
family of the, 224, 225. 

Sexes of insects, 340. 9 % 

Sexual reproduction of the Radiata, 198. 

Sheep- tick, the, 373. + 

Shells of minute animals, 207 ; fossilized, 208 ; 

. of Mollusca, 414, 415 ; of the Gasteropoda, 438, 
439. # 

Shel4-lac, produced from ttaP&occus lacca, 317. 
Ship-%o»ms, 41 if. 9 

Shrimps, 307 ct sqg. 

Sialidco (Gr. sialon saliva), a family of neurop- 
terous insects, 367. • 

Silk -worm, a lepidopterous insect, 383 ; its great 
commercial importance, ib. 

Silphid® (Gr. silphe a grub), a tribe of coleop- 
terous insects, 408. 

Simoneidoe, a family of the Acnrina, 319. 
Simonea folliculorum, the species, 319. 

Simulium (Lat. simvtans feigning), a species of 
dipterous insects, 377. 


*DEX, 


48V 

Siphonata far. siphon a curved tube), an order 
# of bivatyv Mollusca, 430 ; comprehends clam- 
shells, cockles, &c. 43 J ; divided into four tribes 
— the Chafracea, the Cardiacea, the Veneracea, 
and the Pfrolodacea, 431,^.32. 

Siphonophora (Gr. siphon^ and phero to bear), a 
class of the R&diata, 228; divided into two 
orders — the Chondrogracia, and the Physo- 
grada, ib. 

Siphons of molluscous animals 414. 

Sipunculps Lat. “ a little siphon*'), the different 
species of the genus, 281 r 

S. Bernhardus, representation of the species, 
281. 

S. cochlearius, 281. 

Skeleton of a vertebrate animal, its various 
parts, 202 ; of an inject, 331. 

Slugs, air-breathing" organs of, 414 ; of the order 
Pulmonifera, 447. * 

Snails.,, mantle and t.-icll of, 206 ; air-brea*hing 
organs of, 414; of the s a, 444; of the Girder 
Pulmonifera, 447. 1 f 

Social bees, 396. 

Soldiers, beetles so called, 405. 

Solcn, the razor-sued, 432. 

SolpugidoB (Lat. sotpuga a ve^omouL’ ant) a 
family of the Arac^nida, 321. 

Spatangidw (Gr. spatangos a species of tortoise), 
family of the, 269. 

Species, the knowledge of, constitutes the foun- 
dation of zoology, 195; the genera divided 
into, ib. ; modes of distinguishing the, ib. 

Sphscridiidae (Gr. sphaira a ball), a family of 
coleopterous insects, 409. 

Sphmromidse (Gr. sphaira a family of isopo- 


Spring-tails, 344. 

Squids, 452. " 

Squilla (Lat. 44 a prawn”), representation of the, 
307. 

Squillid®, the family, 308. 

Stag-beetle, the, 406. 

8&r-ftp s h, nervous system of the, 197. 

Steganophthalmata (Gr. steganos covered, and 
opthalmos the eye), order of the, 257 ; divided 
iq to two families — the Medusidm, and the 

1 IMrizostomid®, 258. 

Stellcrida (Lat. stella a star), order of the, 266 ; 
organization of the, ib. ; divided into three 
families— the Euryalidoc, the Ophiuridsc, and 
the Asteridoe, 266, 267. 

Stcntor, the trumpet animalcule, 223. 

S, Mulleri, representation of the, 224. 

Sternoxia (Gr. star non thq breast, oxys sharp), a 
tribe of coleopterous insects, 406. 

StichostogidoD (Gr. stichos a line, and tegos a 
covering), the family, 207. 

Stomapoda (Gr. stoma the mouth, and pories 
feet), an order of Crustacea, 307 ; divided into 
three families — the PhyllosomidoG, the Squil- 
lidm, and the Mysidee, 308. 

Stomatoda (Gr. stoma) t an order of the In- 
fusoria, 219. 

Stomoxvs (Gr. sfoma t and oxys sharp), a species 
of dipterous insects, 374. 

StratiomyH chameleon, a species of dipterous in- 
sects, 375. 

Strepsiptera (Gr. strepsis a turning, and ptero 
wings), an order of parasitic insects, 398. 

Stridulantia (Lat. stridor a chirping noise), a 
tribe of the avb-ordcr Homoptera — (Cicada;)* 


dons Crustacea, 305. 

Sphingina (Gr. 44 sphinx” Y, a tribe of lepidop. 
terous insects, ’385. 

Sphinx, mouth of the, 333. 

Spiculu; (Lat. “spikes”) of the sponge, 208, 209. 

Spider, buccal apparatus of the, 315; heart of 
the, 317. 

Spider-crab, representation of the, 313. 

Spiders, natural history of, 315 et aeq. ; spin- 
nerets of, 323 ; webs of, 321 ; varieties of, ib. ; 
all predaceous in u ’Dfils, 324, 325. (See Arach- 
nida). ‘* 4. . 

Spinnerets of spiders, 323. 

Spiny lobster, the, 309, 310. 

Spirulidra (L#t. spira a spire), a family of ccpha- 
lopodous Mollusca,] g2 

Spirula Peronii, the species, 451. 

Sponges, constitute the class Porifera, 208 ; their 
formation and natural history, 208-211 ; sec_ 
tion of a living one, 209 ; cells of the, 209 ; 
propagation of, 211, 212 ; development of 
Spongillg, 211 ; animalcules of, 21?; their pe- 
culiar habits, 213 ; different genera of, ib. 


350. 

Strom bid® (Gr. stromhos a turban), a xamily of 
gastcropodous Mollusca, 445, 

Strom Dus, the genus, 445. 

Strongylus gigas (Gr. strongylos round, and 
giqas a giant), a parasitic worm, 277. 

Sty lops Dalii (Gr. stylos a column, and ops the 
eye), a species of parasitic insects, 398. 

Suctoria (Lat. snafus sucking), an order of 
worms, 279 ; divided into three families— the 
Malaeobdcllidu?, the and the lliru- 

0 dinidee, 280. 

Syllis monilaris [S. and Lat. monile a necklace), 
representation of the, 285. 

Synaptid® (Gr. sun together, and apto to join), 
family of the, 269. 

Syrphid® (Gr. syrphetos dirtiness), a sub-family 
of dipterous insects, 375. 

T 

Tabanidce (Lat. 44 Gad-flics”), a family of dip- 
tf fous insects, 376. 
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^abanus bovlnn^T. and Lat. 5 #pm of the ox), 
the species, 376\ # 

^Teenia solium (Lat. “the tape-worm”), repre- 
sentation of the, 272, 273. 

Talitrusloousta, the sand-hopper, a spocios of the 
Crustacea, 289, 304. 

Tanystoma (Or. tanyo to Btretch, and stony i the 
mouth), a family of dipterous insects, 375. 

Tape worms, 271, 272. 

Tarantula, bite of the, 326. 

Tcctibranchiata (Lat. tectum a covering, 4 tnd 
branehitc gills), a group of gasteropodouB*| 
Mcftlusoa, 441 ; divided into three fancies — the 
Bullidm, the Aplysiadse, and the Pleurobran- 
chidee* 441 . 

Telephorus (Gr „telo8 the end, and phoreo to bear) , 
a genus of coleopterous insects, ^05. 

Tenebrio mol i tor (Lat. tenebrio a lurker m Che 
dark, and molUor a miller), the meal worm, 
405. 

Tcrebella (Lat. terebra an auger), a tubicolar 
worm, 283. 

Tcrcbrantia (Lat. terebro to bore), a tribe of the •] 
Physopoda, 853 ; a tribe of hymenopterous in- 
sects, 390; divided into four great families — 
the Evaniidae, the Ichneumonidac, the Chalci-* 
did®, and the Proctotrupidro, 392. 

Terebratulidoo (Lat. terebro ), a family of the 
Mollusca, 434. 

Terebratula australis [T. and australis of the 
south), a species of Mollusca, 433. 

Teredo navalis, the Ship-worm, 432. 

Tcrmitidao (Lat. termes an ant), a family of 
neuropterous insects, 3G2 — 364. 

Termes fatalis, 363 ; nest oftbp, 364. 

T. atrox, the species, 368. ^ 

Tetrabrsnchiata (Gr. tettares four, and Lat. 
branchiae gills), an order of cephalopodous 
Molhisca, 451 ; divided into two families — the 
NautilideD, and the Ammonitidm, 451. 

Tetramcra (Gr. tettares, and mera divisions), a 
section of coleopterous insects, 401 ; composed 
of three tribes — the Phytophaga, the Longi- 
cornia, and the Rhynchophora, 401, 402. 

Textularia (Lat. textus a textile fabric), shell of 
the, 207. 

Thalassinidffi(iii . ^tKttassa the sea), afamiUrof 
decapodous Crustaoea, 309. ^ 

Thaumantias lucifera (Gr. thauma wonder ; Lat? 
lucifePa light bearing), 255. 

Thaumantias piiosella ( T. and laA.pilrtsus hairy), 
representation of the, 256. 

Thecosomata (Gr. theca a case, and soma a 
body), an order of the pteropodous Mollusca, 
435. 

Thelphusa, a genus of crabs, 198,^5. 

Thelyphonidse (Gr. thelys a female/iW phone a 
sound), a family of the Arachnido, 323tL 


Thercvidro, a sub-family of diptpoilb Insects, 
373. # 

Theridion Malmignatta, a genus* hf the Aradh- 
nida, 325, 32G. 

Thorax of insects. 385. 

Thread-worms, . 

Thrips oerealium|Lat. « tljf grub of the wheat 
harvest”), a spaoies of the Physopoda, 353. 

Thysanura (Gr. thysanox a fringe, onra a tail), 
an order of the Insflcta, 344 ; divided into two 
families — th# Podurida^ and the Lepismi- 
dro, ib. 

Tiger-beetles, 4101 

Tineina, a tribe of iepidopterons insects, 381. 

Tinea granella {T. and granum grain), the 
qpecies, 381. 

Tipulidao (Lat. tipula a water-spider), a family 
I* of dipterous insects, 07£. 

ToMiflSLS typogra^us (Gr. tomus a cutting, and 
Lat. “ typographer”^ a species of Xylo- 
phagoUB inseot^h)3 ; its destructive Qualities, 
404. 

Tooth -shell!, 442. 

Tortoise-shell butterfly, 380, 387. 

Tt^fricina (La Ustortrix a^flgf-roller), a tribe of 
lepiy^tcroua^n sects, 381. 

•Tortrix viridans ( TUand viridans verdant), the 
oak-leaf rolling cater xflMar, 881. ^ 

Trachcaria (Gr. trachea an air-tube), a sub- 
class of the Arachnida, 317 ; containing throe 
orders — the Podosomata, 317 ; the Acarina, 
318 ; and the Adelarthrosomata, 320. 

Trachclia, a tribe of coleopterous insects, 404. 

Trachelina, the sub-family, 224. 

Trap-door spidery 327. 

Trcmatoda (Gr. ti*mo to tremble), an order of 
parasitic worm 8^2^ ; Consisting of thffee fami- 
lies — the Distomidee, the ^istomidee, and the 
Polystomidm, ib. 

Tribes, constituted of different families, genera, 
and species, 196. • • 

Trichodince (Gr. triches hairs), tho family, 224. 

Trichoptera (Gr. trichcT, and ptera wings), a 
sub-order of neuropterous insects, 368 ; includes 
one large family, the Phryganeidso, 369 ; me- 
tamorphosis of the, ib. • 

Tr^acnagiggg (the Slam-shell), a species of Mol- 
lusca, 431. 

Trigoniacea (OH treis three, and gonia an angle), 
a tribeTof the Mollusca, 430. 

Trilobites (Gr. treis , and loboi lobes), an order of 
Crustacea, 301. 

Trimera (Gr. treis , and mera divisions), a section 
of coleopterous insects, 400. 

Triphaena (Gr. treis, and phaino to appear), a 
genus of lepidoptcrous insects, 383. 

Tristomfc® (Gr. treis, and stomata mouths), 
parasitic worms, 274. * 
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TritoniidoD (\-om Triton ) , a family of the gaste- 
ropodous H^ollusca, 442r # 

trochanter J»f insects, 335. 

Trochus (Lat.“ atop ”),*a univalve shell, 414. 
Trombididro, a family of the Aparina, 320. 
Tubicola (Lat.*£u5a a tube, tud colo to inhabit), 
an orger of the ^ranchifer^us Annelida, 282 ; 
divided into three families- *-the Sabellideo, the 
Serpulro, and the Hermellidte, 383. 

Tubiporidse (Lat. tuba, odlGr. poros a pore), the 
family, 238. 

TubularidcS (Lat. tufta), the family, 235. 
Tubulariadse, the sub-family,* 235. 

Tubularia indivisa (Lat. tuba, and indivisa un- 
divided), Sir J. G. Dalyell’s account of the, 
236. 

Tubulifera (Lat. tuba , and/ero to bear), a tribe of 
the Physopoda, 353 '° 

Tunicata (Lat. tunica a tunir\ a class 
coids, 419; their structure and habits, 19, 
420 ; divided into two ordeyp —the Ascidiae md 
the Biphora, 421. * . 

Turbellaridm, a famil of minute w -rms, 27«>. * 

Turbinidee (Lat. turbo a top), a family of gaste- 
ropodous Mollusc** . - * 45. 

Turbo pica, anatomy of the, 437., 

Turnip fly, the, 401. . ' 

Turritellidflp- (Lat. twtis a tower), a family of 
gasteropodous Mollusca, 444. 

ITurrilites, a genus of Ammonites, 451. 
Typographic beetle, the, 403,404. 


Unicellular animals, 196. A 
Unionacea (Lat. unio a pearl), a tribe of tht 
Mollusca, 430. 

Unio pictorum, 430. 

U. margaritiferus, a species of mussel, 430. 
Univalve shelly 414. c 
Upholsterer bees, 396. 

Uraniidffi (Gr. uranis heavenly), a tribe of 
lepidopterouB insects, 386. 

Urn animalcules, 224. 


Vaginicola (Lat. vagina a sheatu, and colo to in- 
habit), the genus, 223. 

Vaginicola crystallina, the species, 224. 

Valves of shells, 414. 

Vanessa Io (the peacock butterfly), 386. 

Velella (Lat. velum a sail), a genus of Radiate 
animals, 260* 

Veneracea (from Venus), a tribe of the Mollusca, 
431. • <tr 

Vermes (Lat. “worms’*) their organisation, 


270 ; divideu into four classes —the Platyelmfo 
or Flat-worms, the Nenj iCe’mia or Round- 
worms, the Rotifera or Wheel-animalcules, 
and the Annelida or True-worms, 271. 

Vermetus (Lat. vermes ) , a genus of gasteropo- 
dous Mollusca, 438. 

Vep^ebrata (Lat. vertebra a joint, from verto 
to turn j, the fifth division of the animal king- 
dom, 201, 203 ; their organization, 202. 

Vertebral column, its respective parts, 202. 

Vc sp; ‘ vulgaris, the common wasp, 395. 

Vespa Holsatica, nest of the, 395. 

Vibrionina (Lat. vibro to vibrate), a class of the 
Infusoria, 218. 

Virgularia mirabilis (Lat. virga a rod, "and mira- 
bilis wonderful), representation of the species, 
240. 

Vising ant, the, 394. 

VolutidcB (Lat. volvo to roll), a family of the 
Gastcropods, 447. 

Voluta undulata ( V. and Lat. undulata wavy), 
the species, 446, 447. 

Vorticella (Lat. vortex a whirlpool, from verto 
to turn), 216, 220 ; its modes of propagation, 
220, 221 ; development of the, 221 ; acineta 
forms of, 222. 

VorticellidoB, the family, 220. 


Walking sticks, 357. 

Wasps, the family of, 395. 

Water-bugs, 351. 

Water-beetles, 409. 

Water-mites, 32r 
Watering-pot-shelly the, 432, 433. 

Webs of Spiders, 324, 325. 

Weevils, 402, 403. 

Whale-lice, 303. 

Whales, food of, 435. 

Wheat-fly, the, 377. 

Wheel animalcules, 271, 286. (See Rotifera.) 
Whelks, 446. 

Whirligigs, 449. 

White ants, their natural history and habits, 
362-3C4. 

VjUsidaB, the family, 25» « a, ‘ aD(lt 
' wngs of insects, 336, 337. 

* Wire- worm, the, 406. 

Woodlouse, the, 305, 306. 

Worms, various kinds of, 271 at seq. (See 
Vermes). 


Xylocopa (Oi. xylon woody and kopos labour), 
the carpenter bee, 396. 

XylojAnga (Gr. xylon, and phago to* eat), a 


^family of hynnoptcrouB inseo*, 389 ; a Bub- 
tribe of rhyz^^horous inserts, 403. 

JLiphosura or Xyphosura (Gr .xiphos a sword, 
and oura a tail), a sub-class of the Crustacea, • 
295, 301 ; consists of only one order, and one 
genus, ib. 

ZoantHidoe (Gr. soon an animal, and* anthos a 
flower), a family of the Polypes, 246. 


Zoanthus, the genus, 246. 

Zoea (Gr. zoa) t the yojpig of the cAb, 312. 

Zoology (Gr. soon an animal, antL#fo^o* a dis- 
course), on the studjfc&nd generaltaassification 
of, 193 et seq. Bee Animals. * 

Zoophytes (Gr^C%i, and phyton * a plant), 226. 
(See PolypC &cJ 

Zygotrocha (Gr. \ugon a jfbke, and frochos a 
wheel), the family, 288. 






